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ERDC SEDIMENT TRANSPORT STUDIES ON
TWELVE MILE CREEK AND LAKE HARTWELL
IN SUPPORT OF THE EPA SELECTED REMEDY

INTRODUCTION

Portions of Twelve Mile Creek and Lake Hartwell contain PCB contamination
resulting from the operation of a capacitor manufacturing facility located in the upstream
watershed of Twelve Mile Creek In June 1994, the EPA issued a Record of Decision
(ROD) for this site, referred to as the Sangamo OU2 Site This ROD addressed the
sediment, surface water, and sediment transport pathways from land based source areas
adjacent to the capacitor manufacturing facility.

To address the sediment contamination problem in Twelve Mile Creek and Lake
Hartwell, the EPA's selected remedy is to use the natural sedimentation processes of
Twelve Mile Creek to deliver sediment to the contaminated areas, thus providing a clean
sediment cap on top of the contaminants to prevent further resuspension and transport of
PCB through the creek and lake system.

BACKGROUND

The natural sediment transport process in Twelve Mile Creek is altered by three
reservoirs on the creek system Woodside 1 and II which are hydropower reservoirs, and
a water supply reservoir These reservoirs store the coarse fraction of the incoming
sediment load until either dredging or flushing operations are performed The stored
sediments are periodically flushed and dredged from the reservoirs and subsequently
deposited downstream of Woodside II. It is anticipated that during periods of increased
flows in Twelve Mile Creek, the sediments will migrate to the backwater of Lake
Hartwell and provide a protective cap on top of the contaminated sediments

The EPA has funded the Engineering Research and Development Center
(ERDC) to evaluate the sediment transport processes of Twelve Mile Creek and the fate
of sediment discharged from flushing and dredging operations Additional tasks to be
included in the effort are an estimation of costs involved in extending the dredge pipeline
five miles below the hydropower reservoirs and a study of using a hydrosuction pipeline
as an alternative to hydraulic dredging for bypassing sediments across the hydropower
reservoirs.

In 1993, the Bechtel Corporation conducted sediment transport studies on Twelve
Mile Creek using the HEC-6 one-dimensional computer model The studies were
designed to predict sediment transport (spatial and quantitative erosion and deposition)
along a reach of Twelve Mile Creek extending from just below the Woodside II



hydropower reservoir to the highway 37 bridge spanning Lake Hartwell A 30 year
simulation was conducted to evaluate if natural sediment transport in Twelve Mile Creek
could deliver clean sediments for capping PCB contaminated areas m the downstream
reaches of the creek and Lake Hartwell backwater Additionally, a large sediment
flushing event was monitored by Bechtel The HEC-6 program was used to predict the
fate of the flushed sediments This effort is summarized in this report

The ERDC effort described in the main body of this report was a continuation of
the Bechtel modeling effort. The HEC-6 model was once again used to simulate the
hydraulic and sediment processes of Twelve Mile Creek The simulation period was
from April 1992 through September of 1999 Sections of Twelve Mile Creek were re-
surveyed for comparison to the Bechtel surveys of 1992 Additionally, to support the
modeling effort, bed sediment samples were collected for particle size analysis The
survey comparisons and bed sample particle size analysis are included in Appendices C
and D of this report

The ERDC simulation included both flushing and dredging events that occurred
over the period In addition to the modeling effort, two additional problem areas were
addressed. The dredging operations on Twelve Mile Creek use a hydraulic dredge to
pump sediments from the upstream reservoirs to a point just downstream of Woodside II
During low water, the dredged sediments temporarily accumulate in the channel, thus
impact habitat and recreational use of the creek It was proposed by concerned citizens
and natural resource trustee's to bypass the sand five miles downstream of Woodside II
directly into Lake Hartwell To investigate this, a cost analysis was conducted by the
ERDC to investigate the feasibility of lengthening the pipeline. The results of this study
are presented in Appendix A of this report

The cost of current dredging operations for bypassing sediment from the upstream
reservoirs is approximately $250,000 per year. Hydrosuction sand by-passing was
investigated as an alternative to the cost of mobilizing, maintaining, and operating a
hydraulic dredge plant for sediment removal from the reservoirs Hydrosuction sand
bypassing utilizes a siphon pipe to entrain and transport sediments from the reservoirs
The advantage of the siphon is that it utilizes the potential head across the reservoir to
drive the flow, unlike a dredge that requires a large centrifugal pump powered by a
motor. The cost savings over a standard dredging operation are potentially significant
The hydrosuction study is summarized in Appendix B of this report

OBJECTIVE

The objectives for the effort described in this report are as follows.

1) Define the sediment transport capability of the Twelve Mile Creek channel for
the hydraulic conditions represented by the time period of April 1992 through
September 1999



2) Evaluate both spatial and quantitative sediment erosion and deposition
characteristics throughout the Twelve Mile Creek system over the time period of
April 1992 - September 1999

3) Determine the fate of sediments flushed and dredged from the upstream
reservoirs over the time period of April 1992 - September 1999

4) Evaluate cost effective alternatives to the current reservoir dredging operations
and address perceived environmental impacts of sediment bypass on Twelve Mile
Creek

SUMMARY OF PREVIOUS WORK BY BECHTEL

In 1991 Bechtel Environmental conducted a field investigation in the Twelve
Mile Creek / Lake Hartwell area of South Carolina as part of the remedial
investigation/feasibility study for the PCB-contammated Sangamo Superfund site The
field investigation included field surveys of Twelve Mile Creek crossections, bed sample
collection and analysis, suspended sediment sample collection and analysis, and water
quality sampling and analysis

Bechtel utilized the HEC-6 one-dimensional computer model to evaluate
sediment transport in the Twelve Mile Creek channel, from just below the Woodside II
hydropower reservoir to the highway 37 bridge that crosses Lake Hartwell about 10 miles
downstream from Woodside II A listing of the crossections used in the Bechtel model is
provided in Table 1 The model utilized 22 crossections (channel geometry) Thirteen of
the crossections were surveyed, with the remaining estimated with the aid of topographic
maps All of the section geometries in the upper reach of the study area were estimated
(sections T12, T15, T16, T17, T18, and T19) The channel invert elevations were
initially extrapolated from surveyed elevations, and then adjusted during calibration runs

Bed samples were collected at 11 sections, from section Tl (lower boundary
section) to section P The sample size gradations were put into the HEC-6 model For
the 6 sections above section P, the bed particle size gradation measured at section P was
used The median gram size of the Bechtel samples ranged from <0 0075 mm at the
lower boundary (Tl) up to 0 125 mm at section P (the last section sampled)

The Bechtel analysis assumed a sediment supply reach just upstream of
Woodside II. The fine sediment component of the sediment load rating curve was
developed from suspended sediment samples taken from the Hwy 123, 93, and 133
bridges and Maw bridge. The sand fractions of the sediment load were determined from
model verification procedures



Table 1 Crossection designations in the Bechtel HEC-6 model

SECTION

Tl
A
B
C
*D
*T6

H
I
J
K
L
M
N
0

*T12
P

*Q
*T15
*T16
*T17
*T18
*T19

DISTANCE FROM Tl - ft

0
4,000
12,000
15,000
17,400
18,600
22,100
24,400
26,400
27,400
29,400
30,100
32,300
34,900
37,000
37,900
38,900

L 42,700
45,100
49,100
52,100
54,100

* Crossection geometry estimated

The Bechtel model was calibrated to Corps of Engineers sediment surveys
conducted in 1963 and 1973 Channel geometry from 1963 was used in the HEC-6
model A ten-year simulation was run using main channel discharge measurements at the
Liberty Bridge station, along with 5 tributaries entering the system between sections T19
and Tl. The downstream boundary condition was the Lake Hartwell water surface
elevation The sediment rating curve was iteratively adjusted until the Twelve Mile
Creek bed profile matched that of the 1973 survey With the verified model, Bechtel then
ran a 28 year simulation (from 1963 to 1991) to obtain the bed profile for their 1992
model study Using the HEC-6 model, they performed a number of simulations (10, 20,
and 30 yr) to evaluate the sediment transport characteristics (deposition and erosion)
below Woodside II. They found that the deposition of sands in the system occurred
between sections T16 and M in the model, with only fine sediments depositing in the
lower reaches of the Twelve Mile Creek system. This corresponded roughly with the
range of Lake Hartwell water surface elevations that occurred over the course of the
study. The complete HEC-6 study conducted by Bechtel is found in Appendix E



ERDC EVALUATION OF THE TWELVE MILE CREEK SYSTEM

The ERDC was tasked with conducting three studies to support the EPA on
environmental restoration activities on Twelve Mile Creek and the backwater of Lake
Hartwell. The three efforts include: 1) A HEC-6 one-dimensional modeling effort to
define sediment transport characteristics of the Twelve Mile Creek system, 2) An
evaluation of the impacts resulting from increasing the discharge pipeline length for the
hydropower reservoir dredging ,and 3) An evaluation of the hydrosuction dredging
method as an alternative to dredging In addition to the above described tasks, the ERDC
worked with RMT, an environmental consulting firm that provided field surveys of
Twelve Mile Creek crossections and bed and suspended sediment sampling The ERDC
performed particle size analysis of the bed and suspended sediment samples.

RMT FIELD DATA COLLECTION

In support of the ERDC modeling effort, RMT surveyed twenty-one transects on
Twelve Mile Creek in August of 1999 Additionally, RMT took 14 sets of bed samples
in the study area for particle size analysis. Analysis results for the samples are found in
Appendix D of this report. Each set contained samples from the left side, center, and
right side of the channel. The samples were taken to a depth of 1 ft in the bed
Additionally, when adequate discharge was available in the creek, suspended sediment
samples were taken at the Liberty Bridge and Lay Bridge locations. The RMT field data
collection activities and data are summarized in the RMT report titled "Twelve Mile
Creek Sediment Transport Model/Data Collection Report", December 1999

HEC-6 MODELING EFFORT

The ERDC modeled sediment transport in the Twelve Mile Creek system using
HEC-6, a one-dimensional computer program designed to evaluate hydraulic and
sediment transport regimes in river systems A description of HEC-6 is found in the
Bechtel report in Appendix E The upstream boundary of the model was the Woodside II
hydropower reservoir (as was in the Bechtel study), with the downstream boundary being
section T6. The total study reach distance was approximately 35,000 ft Table 2 presents
the section designations along the study reach, along with the distance from the upper
model boundary (T19) Figures 1 and 2 depict both the Lake Hartwell and Twelve Mile
Creek sections of the study area with section designations. It was apparent from the
Bechtel study that the reach of Twelve Mile Creek below section T6 would have minimal
sediment accumulations, therefore the sections below T6 that were included in the
Bechtel study were not included in the ERDC study
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Figure 1 Crossection designations on Lake Hartwell / lower Twelve Mile Creek
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Table 2. Crossection designations in the ERDC HEC-6 model

SECTION

T6
H
I
J
K
L
M
N
0

T12
P
Q

T15
T16
T17
T18
T19

DISTANCE FROM T19 - ft

35,000
32,000
29,700
27,700
26,700
24,700
24,000
21,800
19,200
17,100
16,200
15,200
11,400
9,000
5,000
2,000

0

Model Channel Geometry and Bed Sediment Description

The channel geometry used in the Bechtel model was used in the ERDC study In
the upper reaches of Twelve Mile Creek, Bechtel used bed sediment gradations from
section P The ERDC study used actual bed gradations obtained from the RMT sampling
effort for the upper sections of the study reach The generalized median size of sediments
in Twelve Mile Creek is found in Figure 3 The median (D50) size ranges from
approximately 1.0 mm at the USGS Liberty Bridge gauging station to <0 075 mm in the
lower reaches of Twelve Mile Creek.

Upstream and Downstream Model Boundary Conditions

Discharge data for the ERDC study was obtained from the USGS Liberty Bridge
gauging station This represented the upstream discharge boundary condition for the
model Two additional inflows were included in the model These inflow locations were
the same as used in the Bechtel study. They occurred above section P and section H in
the model Because no discharge measurements were available for these tributaries, the
discharge was estimated as the ratio of the tributary drainage area to Liberty Bridge
gauging station drainage area multiplied times the Liberty Bndge discharge. The HEC-6
study was conducted over a seven year and five month period (April 1992 - September
1999). Discharge records from the USGS gauging station were obtained for



0 10 20 30 40 50 60 70 80

Distance From Liberty Bridge - ft x 1000

Figure 3. Generalized bed sediment median grain size for Twelve Mile Creek

this period (Figure 4) The downstream boundary condition for the HEC-6 model was
the Lake Hartwell water surface elevation (WSE) The seven year, five month Lake
Hartwell WSE was obtained from Lake Hartwell Dam, and is presented in Figure 5.

Main Channel and Tributary Sediment Input

The sediment rating curve used in the Bechtel study was used in the ERDC study
Both of the tributaries input in the model were assumed to transport sediment The
sediment size fractions for the sediment load curve used in the Bechtel study were
slightly modified for the ERDC study to reflect the stable upper reaches of Twelve Mile
Creek. This is discussed in more detail later in the report The Sediment rating curve is
presented in Figure 6, with the Bechtel and ERDC sediment size fractions presented in
Figure 7
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Figure 7 Sediment load size tractions for Bechtel and ERDC main channel
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CS - coarse sand, VCS - very coarse sand, VFG - very fine gravel, FG - fine gravel)



Model Verification

Model verification was to be based on a comparison of the Bechtel channel
surveys conducted in 1992 and the RMT channel surveys conducted in ] 999 From these
surveys, the deposition or erosion of the channel bed could be determined and compared
to the model output Unfortunately, there were no benchmarks for the Bechtel survey
locations, therefore RMT surveys could only be conducted in the same general location
as Bechtel Comparison plots of the Bechtel and RMT transects are found in Appendix
C The comparison plots indicate that in many cases, the crossection widths were
significantly different, therefore computation of deposited quantities could not be
determined In general, comparison of the channel invert elevations indicated that there
was no significant deposition in the lower reaches of Twelve Mile Creek (section T6 to
section M) In most of the comparison plots, the channel invert elevation of the RMT
survey was somewhat lower than that of the Bechtel survey. Only one section indicated
a significant, relatively constant depositional trend, section Q, as presented in Figure
A10. It indicated an average deposition of approximately 4 4 ft across the transect width
common to each survey. The upper reach transect geometries (T15 - T19) were not
based on survey data in the Bechtel study, so no comparisons were made

Model Simulations - Description and Results

Because the model could not be completely verified by field measurements, a
series of HEC-6 sensitivity model runs were conducted to evaluate spatial and
quantitative sediment deposition within the study area. The Bechtel model was originally
verified for sediment transport below Woodside II, therefore, these sensitivity runs
should adequately represent hydraulic and sediment transport conditions over the study
period (April 1992 - September 1999) The model runs and the results are presented in
Table 3. A description and results for each run are provided below

Run 1 - seven year, five month simulation with the Bechtel sediment rating
curve

This run essentially used the HEC-6 input data from the Bechtel study with the
ERDC bed sample size gradations included in the upper reaches of Twelve mile creek.
The results from this run indicated erosion of the bed in the upper reaches of Twelve mile
creek (section Tl 6 - section Tl 9) Field observations indicate that the upper reaches of
Twelve Mile Creek are relatively stable, with no channel incision, bank erosion, or bank
failures evident.

Run 2 - seven year, five month simulation with a more
coarse sediment load gradation to reflect a stable channel

To better represent a stable channel, the sediment size fractions of the Bechtel
sediment rating curve were adjusted to reflect a more coarse sediment load. This
minimized instability in the upper reaches, thus better representing the actual channel

12



Table 3 Summary of HEC-6 model simulations
Model Run

1
2

3

4

5

6

7

8

9

10

Description

Bechtel rating curve run
ERDC rating curve run with

coarsened gradations
Flushing and Dredging

Simulation
Evaluation of impact of 100 cfs

flushing discharge
Evaluation of impact of 500 cfs

flushing discharge
Run with Madden sediment

transport equation
Run with Toffaleti sediment

transport equation
Evaluation of the impact of
doubling the sediment load
Evaluation of the impact of
halfing the sediment load

Evaluation of the impact of
doubling the fine sediment load

Purpose

Evaluate bed profiles
Simulate stable upper

channel reaches
Evaluate spatial and
quantitative impacts
Evaluate spatial and
quantitative impacts
Evaluate spatial and
quantitative impacts

Sensitivity run to evaluate
change in deposition patterns

Sensitivity run to evaluate
change in deposition patterns

Sensitivity run to evaluate
change in deposition patterns

Sensitivity run to evaluate
change in deposition patterns

Sensitivity run to evaluate
change in deposition patterns

condition The change in bed profile for runs 1 and 2 is presented in Figure 8 The top
scale on the x-axis of the plot indicates the distance from the upper boundary (Tl 9) The
two bottom scales present the actual values of the change in bed profile in feet. The
coarsening of the sediment load resulted in minimal deposition and erosion in the
upstream reaches, with a small change in bed profile for sections T16 - T12

The model predicts that all of the sand traction will be deposited between sections
T16 and O, with only fines accumulating in the lower reaches of Twelve Mile Creek.
The maximum depth of deposited sediment occurred in section Q (4 4 ft) The average
depth of accumulation from sections T12 -T15 is approximately 2 7 ft.

The spatial and quantitative distribution of sediment compares favorably with the
1993 Bechtel model results and the Corps of Engineers survey data The results from the
US Army Corps of Engineers surveys of 1963 - 1973 indicated that the average change
in bed profile for sections T16 - O (deposition) would be approximately 3 0 feet every
ten years Both the Corps surveys and the Bechtel model results agreed with the ERDC
model that there would be very little change in bed profile below section T12 of Twelve
Mile Creek The survey comparison for section Q (Figure 10A) indicates a deposition of
approximately 4 4 ft, which is in excellent agreement with the model results.

13



Distance ftomT19-ftxlOOO-(Tq) Scale)

HBedtd 1ERDC

Figure 8 Change in bed profile for model runs 1 and 2

Run 3 - incorporation of flushing and dredging events into the 7 year
simulation

To examine the impact of flushing and dredging sediments from the upstream
reservoirs, the HEC-6 model was modified to reflect periodic releases of sediment into
the Twelve Mile Creek system from flushing and dredging events. A major flushing
event was undertaken on September 9, 1993 Forty three thousand cubic yards of
sediment were flushed from the Woodside II sluice gate into Twelve Mile Creek just
below the dam For the model simulation, a discharge of 300 cubic feet per second was
assumed constant for the three day flushing event This was based on a static head of
approximately 30 ft above the sluice gate driving the flow Two dredging events took
place. The first occurred on October 15, 1998 Approximately 7,000 cubic yards of
sediment were pumped from Woodside II to a discharge point just above Lay Bridge over
a time period of 29 days The discharge through the pipe was estimated at 2000 gallons
per minute (gpm) The second dredging event was conducted over the time period of
July 7, 1999 - August 8, 1999, with 10,000 cubic yards of sediment released just above
Lay Bridge. The discharge from the dredge pipe was also assumed to be 2,000 gpm
The sediment size fraction used for the flushing and dredging simulations was based on
bed samples taken in the immediate vicinity and just downstream of the dredge discharge

14



pipe. These sample locations are designated as HB-5, HB-6, BS-8, BS-8A, and BS-8B
in Appendix D Table 4 summarizes the sediment discharge events. Figure 9 presents
the sediment size fraction that represents the flushed and dredged sediment.

Table 4. Flushing and dredging events for model run 3
EVENT

Flushing
1st Dredging

2nd Dredging

DURATION -
days

3
29
33

TOTAL
VOLUME - cu yd

43,000
7,000
10,000

* DELIVERY
RATE - tons/day

17,995
303
380

Delivery rate is based on a deposited sediment density of 93 lb/ cu ft

Clay Silt VFS FS MS CS VCS VFG FG

Sediment Size Qass

Figure 9. Sediment size fraction for the flushed and dredged sediment

The impact of the flushing and dredging events is presented in terms of the
change in bed profile along the study section of Twelve Mile Creek (sections T6 - T19)
Model output is presented in Figures 10-24. Figures 10-16 present the change in bed
profile before and after each flushing and dredging event, along with the final bed profile
at the end of the simulation Figures 17- 24 present the fate of the deposited sediments
over time for the upper sections of 12 mile creek (sections Tl 9 - Q)

Figure 11, the bed profile just after flushing, indicates a deposition of
approximately 4.0 feetjust below Woodside II immediately after the flushing event Just
before the first dredging event in October of 1998 (Figure 12), the flushed sediment
accumulated below Woodside 11 has migrated to the downstream reaches, with the lay
bridge transect having an increase in bed elevation of 0 16 ft Figure 13 presents the bed
profiles just after the completion of the 7,000 cubic yard dredging event The bed

15



elevation at Lay Bridge after the event was approximately 0 40 ft The next dredging
event occurred in July of 1999, with the resulting bed profile presented on Figure 15
The bed elevation at the Lay Bridge transect was approximately 0 75 ft. The final bed
elevation is shown in Figure 16. The change in bed elevation for Lay Bridge remains
approximately 0.75 ft The spatial and quantitative change in bed elevation for sections
T16 - O are very similar to bed elevations resulting from the first two model runs, with
the maximum bed change occurring at section Q (4 5 ft)
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To show the fate of the flushed and dredged sediments as a function of time in the
upper reaches of the study area, the model output is presented for sections T19, T18, T17,
T16, T15, and Q as a function of time for the seven year, five month run. Figure 17
presents model output data for section T19. The bed profile changes from a peak of 4 0 ft
just after flushing to the original bed elevation in approximately one year.

The sediment transport through section T18, the Lay Bridge section, is presented
in Figure 18 The flushed sediments accumulate in this section after flushing, but are
eroded after approximately 600 days. The dredged sediment accumulations at Lay
Bridge are depicted as beginning approximately 1900 days after flushing Sections T16
- T12 show an increasing trend of sediment accumulation over the entire period of record
(Figures 20 - 24). This spatial deposition pattern corresponds to the water surface
elevation changes of Lake Hartwell (backwater effect) The model indicates that all of
the sand sized sediments deposit in the sections above section O, with the bulk of the
sediment deposited in sections T15, Q, T12, and P.
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Runs 4 and 5 - evaluation of the impact of varying the flushing
discharge from 100 to 500 cubic feet per second

Because the 300 cubic feet per second discharge used in the flushing simulation
was very approximate, a higher and lower flushing discharge was run to evaluate the
impact on the magnitude of sediment deposition at Woodside II and the fate of the
sediments over time These runs were necessary because in reality, the flushing
operation is unsteady due to the change in static head in the reservoir with time

Figure 25 presents model output data for section T19 for flushing discharges of
100, 300, and 500 cubic feet per second (cfs). The data indicate that the magnitude of
deposition at section T19 changes (3 7 ft to 4.4 ft over the discharge range of 100 - 500
cfs) but the time required for the sediment to migrate downstream remains approximately
one year.

•3 00 cfs

• 100 cfs

•5 00 cfs

100 200 300

Time After Flushing - days

400

Figure 25 Comparison of varying flushing discharge on bed profile at section
T19 Oust below Woodside II)

Runs 6 and 7 - evaluation of spatial and quantitative bed profiles for
model runs using different sediment transport equations

Model runs 1 - 3 used the Yang equation for sediment transport, as did the
Bechtel model runs. The HEC-6 model provides a number of sediment transport
relationships that can be incorporated into the model. Bechtel verified the Twelve Mile
Creek model with Yangs equation, therefore it was used in the ERDC study Because the
ERDC study did not have a direct method of model verification, model run 3 was
repeated using two other sediment transport relationships. Madden and Toffaleti - Meyer
Peter Muller. Figure 26 presents the bed profiles for the flushing and dredging model run
using Yang, Madden, and Toffaleti - Meyer Peter Muller Although the change in bed
profile is different for the three relations, they are spatially similar, with the greatest
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Figure 26 Comparison of impacts of varying sediment transport relationships

increase in bed elevation occurring in sections Q through T12, much like the bed profiles
from earlier runs

Runs 8 and 9 - evaluation of spatial and quantitative bed profiles
for increased and decreased sediment loads

For these model runs, the main channel sediment load was varied to evaluate the
impact on sediment distribution and overall bed change In model run 5, the sediment
load was double of that used in model run 3 Model run 6 had half the sediment load of
model run 3 A comparison of the variation in sediment load is presented in Figure 27 for
the nominal load (run 3) and the runs with half and double the sediment load. Spatially,
the change in bed profile is the same as the previous runs Observations of the upper
reaches of Twelve Mile Creek in October of 1999 indicated little or no sediment
deposition, with the exception being just below Lay Bridge (section T18) due to dredging
operations The run with a doubled sediment load indicated approximately 2.0 ft of
sediment deposition in the uppermost section (T19), which appears excessive when
compared to observations The run with half the sediment load indicated erosion in the
upper reaches

Run 10 - evaluation of spatial and quantitative
bed profiles for double the fine sediment load

For this model run, the silt and clay load was doubled from 16 percent to 32
percent of the total load The fractional percent of the coarse sediment size classes was
reduced accordingly Dredging and flushing was not included in the analysis Figure 28
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presents the final bed profile for the seven year, five month simulation. The lower
Twelve Mile Creek sections (sections I - O) indicate that the bed change has
approximately doubled with twice the fine sediment load The upper reaches show only
a minimal decrease in bed change due to the reduction of sand fraction in the load

Discussion

All of the model runs show the same depositional pattern The model indicates
that 100 percent of the sand size sediments transported in the main channel and from the
flushing and dredging events are deposited above section N. Almost all of the sediments
are deposited between sections T16 and O This area corresponds to the approximate
range of fluctuation of the Lake Hartwell water surface elevation. Figure 29 presents the
frequency of occurrence of Lake Hartwell stage Figure 30 presents the channel invert
elevation for the study section, from section T6 to section T19 For the study time
period, the Lake Hartwell stage varied from approximately 653 - 664 NGVD, with a
mean elevation of approximately 660 NGVD. At the point where Twelve Mile Creek
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Figure 30 The channel invert elevation from the model upper boundary (section T19)
to the lower boundary (section T6)

meets the Lake Hartwell backwater, the reduction in energy slope reduces the flow
velocity thus the entrained sediments begin to fall out of suspension The larger particle
sizes deposit closer to the backwater interface, whereas the finer sands and silts and clays
migrate further downstream before depositing The depositional pattern as predicted by
the HEC-6 model clearly shows this trend. All of the sand sized sediments deposit
between section T16 and section O, whereas the silts and clays deposit in the lower
sections of Twelve Mile Creek

HYDROPOWER RESERVOIR DREDGING STUDY

The ERDC conducted an analysis of the environmental and economic impacts of
extending the dredge pipeline from Woodside II to a location approximately five miles
downstream. It has been perceived that the past flushing and dredging operations have
had a negative impact on the environmental and recreational aspects of the creek

The purpose of by-passing sand around the lower Twelve Mile Creek reach is to
eliminate the short-term environmental impacts of disposing of dredged sediments
directly into the creek channel Water quality studies conducted during the 1999
dredging event did not indicate a lowering of dissolved oxygen in the lower Twelve Mile
Creek channel The only short-term impact on the creek system is a reduction in pool
and riffle sequence due to a temporary buildup of sediment just downstream of the dredge
discharge pipe The section of creek affected by dredged material sedimentation is a
relatively short reach (about 50 yards) just downstream of Lay Bridge Below this point,
the degree of sediment deposition in the creek is affected by the water surface elevation
of Lake Hartwell When the water surface elevation of Lake Hartwell is high (~ 664
NGVD), the backwater effect will extend up to just below Lay Bridge, where the sand
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sized sediments will begin to fall out of suspension (Figure 30) Therefore,
sedimentation rates in the area below Lay Bridge are controlled more by the stage of
Lake Hartwell than short-term dredging events The backwater effect was discussed in
detail in the above section.

Two potentially serious impacts can arise from extending the pipeline Access
roads will need to be constructed in a rather steep gorge, which extends from Woodside II
to below Lay Bridge The construction of these access roads will have an adverse impact
on the pristine riparian and streamside vegetation Trees will need to be cut and
vegetation cleared along the channel. This will reduce wildlife habitat, and increase the
potential for erosion on the steep banks of the creek Additional costs will probably be
incurred for erosion protection works to be constructed along the access roads
Additionally, the pipeline would probably run through the wetland areas between Lay
Bridge and Maw bridge, where some adverse impacts to the wetlands would be
inevitable Vegetation along the pipeline route through these wetlands would be cleared,
with access roads possibly needed to assemble the pipeline

Bypassing the natural sediment load from the section of Twelve Mile Creek from
Woodside II to below Maw bridge could potentially have serious consequences for the
long term stability of the system. The creek channel dimensions and planform are
directly related to the natural sediment load in the creek Twelve Mile Creek has adjusted
over time to the presence of the upstream hydropower reservoirs The reservoirs serve as
sediment traps, with periodic releases of sediment into the system through flushing
operations Depriving the channel of sediment through bypassing activities could upset
the equilibrium of the channel, resulting in degradation of the bed As the bed incises,
the banks become over-steepened and bank failures occur This adds additional sediment
into the system, which reduces the flow capacity of the stream, resulting in a wider,
shallower channel with high turbidity flows In addition to more sediment entering the
system, low lying vegetation and trees will enter the channel from the bank failures,
further reducing the channel crossection and reducing flow capacity Not only will the
aquatic and terrestrial habitat be severely impacted, valued real estate such as streamside
docks and access points would be impacted by the increased bank erosion Recreational
use of the channel would probably be non-existent

The natural transport of sediments to the Lake Hartwell backwater distributes the
sediment evenly across the channel and lake bed Depositing sand from a point source
such as a dredge discharge pipe would result in sand mounds which potentially could
impact recreational boating travel due to a decrease in water depth and have a permanent
impact on the benthic environment. The mounds would be unaffected by flow in the
upper channel, and therefore be permanent fixtures in the Lake Hartwell backwater. To
prevent the mounding of sediments, a method of evenly distributing the dredged sand
would need to be employed, thus potentially resulting in significantly higher dredge
operating costs.

The cost analysis indicated that the first year costs associated with extending the
dredge pipeline 5 miles will increase the present yearly operations cost by a factor of five
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for pipeline extension operations with or without a booster pump Subsequent years costs
will be less due to existing pipeline and available booster pump The analysis scenario
with a booster pump is the most desirable option not only based on cost, but because a
booster will insure that the pump will have adequate power for transporting the coarser
sand sizes and debris The estimated costs for procuring right-of-way, assembling the
pipeline, construction related to laying the pipeline, and the operations associated with
moving and positioning the pipe discharge are conservative The complete cost estimate
is presented in Appendix A

EVALUATION OF HYDROSUCTION DREDGING TECHNIQUES

A study was conducted by Washington State University in cooperation with the
ERDC on the feasibility of using a hydrosuction sediment removal system (HSRS) to
bypass sediment from the upstream reservoirs (Woodside I and U) into Twelve Mile
creek. The HSRS is a pipeline capable of transporting a water/sediment mixture past a
dam using the natural energy represented by the difference in water surface elevations
between the upstream and downstream sides of the dam It can be operated in a bypass
mode or an active dredging mode The study findings indicate that it is technically
feasible to employ the HSRS bypassing or dredging systems to move the annual sediment
load in Twelve Mile Creek past Woodside 1 and II dams with no external source of
energy other than a winch and pulley system (in the case of the HSRS dredging)
Resulting sediment concentrations in Twelve Mile Creek will be very similar to
background levels upstream from the hydropower reservoirs (approximately 120 ppm)
Required pipeline diameters vary from 8 to 16 inches depending upon whether the system
is operating in a dredging or bypass mode Costs for the pipeline and installation vary
from about $160,000 for short dredging systems to about $865,000 for the longer
bypassing systems Annual losses to hydropower vary from a low of $3,500 for short
dredging systems at both dams to a high value of $11,200 for the longer bypassing
system A detailed description of the design, operation and maintenance, and layout of
the HSRS systems is found in Appendix B.
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CONCLUSIONS

- Analysis of the Bechtel and RMT section survey comparisons revealed that there was
too much uncertainty in the data to draw any conclusions on sedimentation rates,
particularly in the lower sections of the creek. An exception to this finding was the
comparison of surveys at section Q, for which the field data comparison and model
predictions are very close

- Analysis of bed samples collected by RMT reveal that the sediment distribution in the
upper reaches of Twelve Mile Creek varies from a coarse sand at the Liberty Bridge
location to a medium sand in the vicinity of Lay Bridge Sections Q - O primarily
contain fine sands, with silts and clays found in the lower reaches of the system

- Although the HEC-6 model used by the ERDC could not be directly verified by all of
the pre and post surveys conducted in 1992 and 1999, it is based on a verified model
prepared by Bechtel in 1992 The model without the flushing and dredging events
predicts a maximum deposition of approximately 4 4 ft at section Q, which is in excellent
agreement with the deposition computed from the 1992 - 1999 Q transect survey
comparisons (4 4 ft). Additionally, the results of the Corps sediment survey comparison
between 1963 and 1973 indicate that the ten year accumulation of sediment between the
reaches of T16 and T12 average approximately 3 0 ft. The model predicted an average
sediment deposition of approximately 2 7 ft over 7 4 years, which extrapolates to 3 6 ft
over 10 years

- The model results indicate that all of the sand sized sediments (> 0.075 mm) will be
deposited above section O, with the majority of the sands deposited in sections T15 -
T12

- The model results indicate that the bed elevation just below Woodside II increased to
approximately 4.0 ft just after flushing was completed The model indicates that the
deposited sediments due to flushing migrated to downstream reaches in approximately 1
year The two dredging operations resulted in sediment deposits of 0.41 and 0.75 feet
respectively at the Lay Bridge section (just below T18). The model results indicate that
the sediment deposition resulting from dredging has not been eroded from the area as of
September 30, 1999 (last record of the simulation).

- Sensitivity analyses conducted to evaluate the impact of using different sediment
transport relationships in the HEC-6 model indicate that the spatial distribution of
sediment remains essentially the same, with some difference on the magnitude of
sediment accumulations within the sections.

- Increasing the fine sediment fraction (clay and silt) of the incoming sediment load
results in a proportional increase in sediment deposition in the lower reaches of Twelve
Mile Creek (sections N - H), indicating that sediment deposition in the lower reaches of
Twelve Mile Creek (the backwater of Lake Hartwell) is totally dependent on the fine
sediment load and not the sand load in the system
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- The spatial and quantitative distribution of sediment in Twelve Mile Creek is
dependent on the backwater effect of Lake Hartwell The fluctuations of Lake Hartwell
stage will dictate where the sediments transported in the channel will be re-distributed

- Disposal of dredged material just below Lay Bridge results in a short-
term adverse impact on channel habitat Pool and riffle sequences wil l temporarily be
impacted due to sediment accumulations approximately 50 yards below Lay Bridge The
backwater effect of Lake Hartwell controls the quantity and distribution of sediments
deposited in reaches below Lay Bridge.

- Bypassing the sediment below the gorge area of Twelve Mile Creek may potentially
have a de-stabilizing effect on the channel, resulting in possible bed and bank erosion

- Extending the dredge discharge pipeline 5 miles downstream from Lay Bridge will
increase the first year operations cost by a factor of 5. Subsequent years costs will
increase due to increased maintenance

- It is technically feasible to bypass sediments from the Woodside I and II reservoirs
using hydrosuction sediment removal systems (HSRS) Construction costs range from
$160,000 for short dredging systems to $850,000 for longer bypassing systems Yearly
costs to hydropower range from $3,500 to $ 11,200 for the dredging and bypassing
systems respectively.
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RECOMMENDATIONS

The HEC-6 modeling efforts for both the Bechtel and ERDC studies indicate that
the sand sized sediments transported below Woodside II will be deposited in areas of
Twelve Mile Creek that correspond to the water surface elevation range of Lake Hartwell
(roughly from section Tl 7 to Q) The model runs predict that 100 percent of the sands
will deposit in the "dogleg" area of the creek (sections T16 - O), with only fine sediments
(silts and clays) transported below section N. Therefore, to determine the fine sediment
load entering the lower reaches of Twelve Mile Creek, suspended sediment samples
should be obtained from a location such as Maw Bridge Initially, discharge
measurements need to be taken along with the suspended sediment samples The initial
set of discharge measurements should be compared to the Liberty Bridge discharge, and a
statistical relationship developed for predicting discharge based on the Liberty gauge
data

The Bechtel and ERDC studies were based on a sediment rating curve developed
from verification and observation The rating curve is applicable for sediment loads
discharged below Woodside II It is strongly recommended that the Twelve Mile Creek
system be evaluated in its entirety by establishing a study reach from Liberty Bridge to
section T6 in Lake Hartwell This reach will include the three reservoirs. The sediment
rating curve will be based on channel geometry, roughness, and bed gradation at Liberty
Bridge. Additionally, a number of channel surveys need to be conducted between
Woodside II and Liberty Bridge for model continuity. The reservoirs will need to be
surveyed as well. This will provide a model that encompasses the entire system,
therefore providing analysis capability at any point along the study reach With this
capability, the impacts of sand bypassing at any of the three reservoirs can be evaluated
from the source to the end of the study reach (Lake Hartwell). With the present models,
the impacts on the channel above Woodside II are unknown

It is not recommended that the current dredge pipeline be extended for
discharging sand directly into the backwater of Lake Hartwell. The risk of adverse
impacts on the lower Twelve Mile Creek channel (along with associated wetlands and
riparian areas) far outweighs the temporary short-term shoaling problems associated with
depositing sands within the creek channel. Field inspections of the Lay Bridge area after
dredging operations ceased indicated that the pool and riffle areas that filled in with
sediment during dredging operations were beginning to re-appear It is anticipated that
high flows in the winter and spring will scour out the remaining sediments and return the
affected areas to pre-dredge conditions.

The HSRS study provided the data necessary for design and implementation of a
prototype system Concepts were presented for collecting and transporting the sediments
from the hydropower reservoirs. The actual design, fabrication, and testing of these
systems, particularly the sediment collection design, was not addressed. It is
recommended that a pilot scale HSRS system be tested and evaluated before a full-scale
HSRS system be employed on the hydropower reservoirs Although the HSRS concept is
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technically feasible, the costs and technical difficulties involved with actual fabrication
and implementation are relatively unknown at this time
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APPENDIX A

Evaluation of the Economic and
Environmental Impacts Associated with a

Five Mile Dredge Discharge Pipeline



ECONOMIC AND ENVIRONMENTAL IMPACTS
FOR A FIVE MILE PIPELINE EXTENSION

TWELVE MILE CREEK / LAKE
HARTWELL REMEDIATION DREDGING

BACKGROUND

Portions of Twelve Mile Creek and Lake Hartwell contain PCB contamination
resulting from the operation of a capacitor manufacturing facility located in the upstream
watershed of Twelve Mile Creek. In June 1994, the EPA issued a Record of Decision
(ROD) for this site, referred to as the Sangamo OU2 Site This ROD addressed the
sediment, surface water, and sediment transport pathways from land based source areas
adjacent to the capacitor manufacturing facility

To address the sediment contamination problem in Twelve Mile Creek and Lake
Hartwell, the EPA's selected remedy is to use the natural sedimentation processes of
Twelve Mile Creek to deliver sediment to the contaminated areas, thus providing a clean
sediment cap on top of the contaminants to prevent further resuspension and transport of
PCB's through the creek and lake system

Two small hydropower reservoirs are found on Twelve Mile Creek, Woodside I
and Woodside II. The reservoirs act as sediment traps, and thus must be periodically
flushed of sediment to have sufficient capacity for power generation. Historically, the
sediment was flushed downstream through sluice gates when sediment accumulations
began to interfere with power generation This practice was discontinued in September
1993 due to adverse impacts in the downstream water quality

In mid-1998, the EPA, along with Schlumberger (responsible party for
remediation) developed a more comprehensive sediment management plan for the
hydropower reservoirs which involved dredging the sediment with a hydraulic dredge
and depositing it downstream of the reservoirs The dredged sediment would then be
transported as suspended and bed load through the Twelve Mile Creek system and be
deposited within the backwater areas of Lake Hartwell, thus providing a protective cap
over the PCB contaminated sediments

In the fall of 1998, the dredging operations began in Woodside I and II. Due to
relatively low water during the fall, the dredged sediment accumulated in the lower
Twelve Mile Creek channel The dredged sediment accumulation within the Twelve
Mile Creek channel was a temporary impact due to low water, with the material
transported to the Lake Hartwell backwater during high flows in the winter and spring
Regardless, local citizens expressed concerns that the additional sediment in the channel
would have a short-term adverse impact on water quality, fish resources, and recreational
uses of the creek



In response to the citizens concerns, the EPA initiated efforts to study the
sediment transport characteristics of Twelve Mile Creek, and to investigate alternative
methods for transporting the sediments from the hydropower reservoirs to the Lake
Hartwell backwater One of the alternative methods was to pump the dredged sediments
five miles below the reservoir directly to Lake Hartwell, thus bypassing the Twelve Mile
Creek channel reach from the reservoirs to Maw Bridge. This would involve laying a 5
mile pipeline from Woodside II to the area of Lake Hartwell below Maw Bridge This
report documents the estimated costs for extending the pipeline and purchasing and
maintaining a pump booster station, if required

PROBLEM

Discharging the dredged sediments directly into Twelve Mile Creek, particularly
at low water, presents a short term impact on the system Bed samples taken from the
reservoirs and from the bed adjacent to the dredge discharge indicate a medium to coarse
sand containing very little fine sediment. The short term impacts include sand shoals,
which may impede recreational activities such as canoeing, and the temporary f i l l ing in
of pool and riffle areas, which are recognized as good habitat for aquatic organisms
Extending the dredge pipeline 5 miles to areas below Maw Bridge will bypass the upper
Twelve Mile Creek channel and deliver the sediments directly to contaminated areas in
Lake Hartwell Although this seems to be an acceptable solution, extending the pipeline
through a remote and environmentally sensitive area has a number of drawbacks,
particularly in the areas of cost and impact on the environment. Three cost scenarios are
presented below They include 1) the present dredging operation 2) the present dredging
operation with a 5 mile pipeline extension and 3) the present dredging operation with a 5
mile pipeline extension and a booster pump to maintain production

SCENARIO 1 - PRESENT DREDGING OPERATION

Presently, a hydraulic cutterhead dredge with an 8.0 inch pipeline accomplishes
the dredging in the hydropower reservoirs A 300 horsepower motor powers the on-
board centrifugal pump. The pipeline length is approximately 150 ft, which is just
enough to discharge the material below the reservoirs The nominal flow rate through the
pipeline is 2000 gallons per minute The average volume of sediment removed yearly is
14,000 cubic yards. The hourly operations cost is $195 / hr, with a total yearly cost of
$200,000 / yr The total operations time at both reservoirs was 700 hours

The total project cost is based on the operations cost and the mobilization and de-
mobilization costs of the project The operations cost are for dredge operations plus any
incidental maintenance required during the conduct of the project For the Twelve Mile
Creek project, this is computed as an hourly cost at the rate of $ 195 / hr The
mobilization and de-mobilization costs are incurred from the delivery and pick up of the
dredge, lowering and removing the dredge into the reservoir from a steep bank, and
laying and maintaining the pipeline



Operations Costs

The operations cost is based on the total time spent dredging Therefore, the
operations cost for the present dredge operation is computed as 700 hr / yr x $ 195 / hr =
$136,500/yr

Mobilization and De-mobilization Costs

The mobilization and de-mobilization costs are the difference between the total
cost and operations cost- $200,000 / yr - $ 136,500 / yr = $63,500 / yr The costs for the
present dredging operation are tabulated in Table 1

Table 1 Summary of Present Dredging Operations Cost
Total / Yr

$200,000

Dredging Time

$136,500

Mob / De mob

$63,500

SCENARIO 2 - PRESENT DREDGING
OPERATION WITH A 5-MILE PIPELINE EXTENSION

When the additional 5 miles of pipeline are added to the system, more power is
required by the pump to overcome the additional fnctional resistance of the longer
pipeline In this case, the dredge pump is assisted by the drop in elevation over the 5 mile
pipe length. The drop in elevation across Woodside II is approximately 30 feet, with an
additional 20 feet drop in elevation from Woodside II to the pipeline discharge location 5
miles downstream of the reservoir Therefore, the dredge pump has an additional 50 feet
of pressure head for overcoming the friction losses in the line Dredge production
analysis for the 8.0 inch dredge indicate that the dredge can maintain a production rate of
about 9 cubic yards per hour without the assistance of a booster pump when operating in
a medium sand

The costs associated with extending the pipeline 5 miles are the cost of the
pipeline, the costs associated with constructing the pipeline, the additional time required
to dredge the 14,000 cubic yards of sand due to the lower production rate, the cost to
procure right of way for the pipeline, construct access roads to the pipeline, and general
maintenance of the pipeline Each cost will be considered below

Pipeline Cost

The cost of 8 0 inch ID polyethylene plastic pipe is $11 62 / ft, with a total cost
for 5 miles of $306,768 Additional costs for handling and shipping increase the total
cost to $327,000



Additional Time Required at Lower Production Rate

The present dredge operation production rate is based on the time required for
dredging and the total volume of material removed The time actually spent dredging is a
function of the total time For the present dredging operation, it is assumed that of the
700 hours on site, only 560 hours are spent actually dredging (20 percent down time,
maintenance, etc) This results in a dredge production rate of 14,000 cubic yards / 560
hours = 25 cubic yards per hour As mentioned before, the reduced production rate due
to the pipeline extension is 9.0 cubic yards per hour Therefore, the time required to
remove the 14,000 cubic yards with the pipeline extension is (25 cy / hr / 9 cy / hr) x
700 hr = 1944 hours, with the cost being 1944 hr x $ 195 / hr = $379,080

Costs to Procure Right of Way, Construction of Pipeline, and Access Roads

All sections of the pipeline must be accessible for construction and maintenance
purposes Right-of-way must be procured from landowners or publicly held lands
Because Twelve Mile Creek is not navigable, it will be necessary to construct access
roads to the pipeline Additionally, the pipeline is welded together with special
equipment that must be brought to the site The total cost of these functions is
conservatively estimated to be equivalent to the operations cost, or approximately
$379,080

Mobilization and De-mobilization of the Dredge

These costs would be the same as for the present dredge operation, approximately
$63,500.

Total Cost of the Present Dredging Operation With the Extended Pipeline

The total estimated cost of scenario 2 would be $1,148,660 the first year, with
subsequent yearly operations costs of $482,580 The costs associated with Scenario 2 are
tabulated in Table 2

Table 2 Summary of Present Dredging Operations Costs With
an Extended Pipeline
Total / Yr

*$1, 148,660
**$482,580

Pipeline

$327,000
NA

Dredging Time

$379,080
$379,080

Pipeline Install / Maint

$379,080
$40,000

Mob / De mob

$63,500
$63,500

* - First year cost
** - Subsequent yearly cost



SCENARIO 3 - PRESENT DREDGING OPERATION
WITH THE EXTENDED PIPELINE AND A BOOSTER

PUMP TO MAINTAIN PRESENT PRODUCTION

The additional of a booster pump station will allow the dredge to maintain the
current production rate with the extended pipeline. Therefore, the operations costs based
on dredging time will be the same as Scenario 1 The pipeline costs, assembly,
construction, right-of-way acquisition, and mobilization / de-mobilization will be the
same as in Scenario 2. The additional cost for Scenario 3 is the purchase price of the
booster, the operations and maintenance cost for the booster station, and the mobilization
and de-mobilization cost of the booster The costs are presented below

Pipeline Costs

The pipeline costs are the same as for Scenario 2, $327,000.

Operations Costs - Dredging Time

These costs are the same as for Scenario 1, $ 136,000.

Operations Costs - Purchase and Operation and Maintenance of Booster

The cost of a 300 horsepower booster pump with controls is estimated to be
$ 100,000 The cost of operating and maintaining the pump is estimated to be $40,000 /

yr
Costs to Procure Right of Way, Construction of Pipeline, and Access Roads

These costs are the same as for Scenario 2, $379,080

Mobilization and De-Mobilization of the Dredge and Booster Pump

These costs are estimated to be approximately $ 110,000

Total Cost With Pipeline Extension and Booster Pump

The total cost of Scenario 3 would be $1,092,080 the first year, with a subsequent
yearly operation cost of $326,000. The costs for Scenario 3 are found in Table 3.



Table 3. Summary of Present Dredging Operations Costs With
an Extended Pipeline and Booster Pump Station
Total / Yr

*$ 1,092,080
**$326,000

Booster

$140,000
$40,000

Pipeline

$327,000
NA

Dredging Time

$136,000
$136,000

Pipeline Install / Maint

$379,080
$40,000

Mob / De mob

$110,000
$110,000

* - First years cost
** - Subsequent yearly cost

ENVIRONMENTAL CONSIDERATIONS

From purely a cost viewpoint, extending the pipeline five miles is a feasible, yet
costly, alternative Because the sole purpose of extending the pipeline is to protect the
aquatic and terrestrial habitat associated with the Twelve Mile Creek channel between
Woodside 2 and Maw Bridge, the environmental impacts of such a pipeline must be
considered

Two potentially serious impacts can arise from extending the pipeline. Access
roads will need to be constructed in a rather steep gorge, which extends from Woodside 2
to below Lay Bridge The construction of these access roads will have an adverse impact
on the pristine riparian and streamside vegetation Trees will need to be cut and
vegetation cleared along the channel This will reduce wildlife habitat, and increase the
potential for erosion on the steep banks of the creek Additional costs will probably be
incurred for erosion protection works to be constructed along the access roads
Additionally, the pipeline would probably run through the wetland areas between Lay
Bridge and Maw bridge, where some adverse impacts to the wetlands would be
inevitable. Vegetation along the pipeline route through these wetlands would be cleared,
with access roads possibly needed to assemble the pipeline.

Bypassing the natural sediment load from the section of Twelve Mile Creek from
Woodside 2 to below Maw bridge could potentially have serious consequences for the
long term stability of the system. The creek channel dimensions and planform are
directly related to the natural sediment load in the creek Twelve mile creek has adjusted
over time to the presence of the upstream hydropower reservoirs The reservoirs serve as
sediment traps, with periodic releases of sediment into the system through flushing
operations Depriving the channel of sediment through bypassing activities could upset
the equilibrium of the channel, resulting in degradation of the bed As the bed incises,
the banks become over-steepened and bank failures occur This adds additional sediment
into the system, which reduces the flow capacity of the stream, resulting in a wider,
shallower channel with high turbidity flows. In addition to more sediment entering the
system, low lying vegetation and trees will enter the channel from the bank failures,
further reducing the channel crossection and reducing flow capacity Not only will the
aquatic and terrestrial habitat be severely impacted, valued real estate such as streamside
docks and access points would be impacted by the increased bank erosion Recreational
use of the channel would probably be non-existent



SUMMARY

The cost scenario analysis indicates that the first year costs associated with
extending the dredge pipeline 5 miles will increase the present yearly operations cost by a
factor of 5 for scenarios with and without a booster pump Subsequent years costs will be
less due to the existing pipeline and available booster pump ($482,000 / yr and $326,000
/ yr for Scenarios 2 and 3 respectively) Scenario 3 with the booster pump is the most
desirable option not only because of the cost, but because a booster will insure that the
pump will have adequate power for transporting the coarser sand sizes and debris. The
estimated costs associated with procuring right-of-way, assembling the pipeline, and
construction related to laying the pipeline are conservative, and could be much higher

Although it is technically feasible to extend the pipeline, the probability of severe
adverse impacts to the channel, wetland, and riparian environment is high. The impact of
the present dredging operation on the Twelve Mile Creek channel is very temporary, with
the accumulated sediments expected to leave the channel when the winter and spring
rams arrive. The pool and riffle sequences that are valuable habitat features in the creek
will be restored before any long-term adverse impacts occur
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a Cost Effective Alternative to Hydraulic Dredging



HYDROSUCTION SEDIMENT REMOVAL
SYSTEMS FOR WOODSIDE I AND WOODSIDE II

DAMS - FINAL REPORT

Rollm H. Hotchkiss, Ph D , P E
Associate Professor and Director, Albrook Hydraulics Laboratory

Department of Civil and Environmental Engineering
Washington State University

PO Box 642910
Pullman, WA 99164-2910

rhh@wsu.edu

PURPOSE

The purpose of this report is to describe Hydrosuction Sediment Removal System
(HSRS) alternatives for Woodside I and Woodside II dams (WSI and WSII,
respectively) An HSRS is a pipeline system capable of transporting a water/sediment
mixture past a dam using the natural energy represented by the difference in water
surface elevations between the upstream and downstream sides of the dam. This report
describes the required pipe sizes to maintain a sediment balance across both dams, cost
estimates for the pipeline materials/installation, conceptual layouts for the alternatives
discussed, and maintenance issues No cost estimates are included for structural
modification to the low-level outlets or installation of the dredging system alternative;
these are either being done by another consultant (RMT, Inc) or will be provided for a
more detailed project plan.

SUMMARY

It is technically feasible to employ HSRS bypassing or dredging systems to move
the annual sediment load past Woodside I and Woodside II dams with no external source
of energy other than a winch and pulley system in the case of HSRS dredging. Resulting
sediment concentrations in TMC will be very similar to background levels upstream from
the projects Required pipeline diameters vary from 8 to 16 inches depending upon the
alternative. Costs for pipeline and installation vary from about $160,000 for short
dredging systems to about $865,000 for the longer bypassing systems. Annual losses to
hydropower vary from a low of $3,500 for short dredging systems at both dams to a high
value of $ 11,200 for the longer bypassing systems

HYDROSUCTION SEDIMENT REMOVAL SYSTEMS

An HSRS consists of a pipeline and appurtenant valves to control flow The
pipeline entrance is placed upstream at a location where sediment capture or removal is
desired in a stream channel or reservoir. The pipeline extends downstream either over
the dam or through low-level outlets to a location within the channel downstream from

J
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the dam. Water and sediment are driven through the pipeline by the energy represented
by the elevation difference between the upstream and downstream water levels
(Hotchbss and Huang, 1995).

BASIS FOR DESIGN FOR WSI AND WS11 DAMS

The required pipe size for an HSRS systems depends upon pipeline length,
sediment load and size of grains, and available energy to drive the water/sediment
mixture through the pipe Available energy is represented by the difference between the
water surface elevations above the pipe inlet and outlet

Sediment Load and Size Distribution

Sediment load The HSRS alternatives were designed to move the average annual
sediment load over a one-year period That is, all of the incoming sediment to WSI and
WS1I dams in an average year will be moved past the respective dams in one year's time.
The mean annual sediment load was determined in a two-step process. It was first
necessary to determine the historic pattern of flows on Twelvemile Creek (TMC) near the
dams. This was done by adjusting the long-term discharge record of the TMC Liberty
stream gage located upstream from the dams (Appendix). The South Carolina District of
the U S. Geological Survey provided flow duration data for the gage based on the long-
term record (personal communication, 1999) These flows were increased by 20% based
on the ratio of drainage areas at the Liberty gage and at the dams. Sediment loads for
each of the discharges in the historic record were read from the recent sediment rating
curve developed for a computer simulation of sediment transport in TMC (Appendix F,
May 1993). The resulting mean annual sediment load so computed is 170 Tons/Day.
The HSRS alternatives were designed to pass 200 Tons/Day

Sediment sizes The sediments in TMC vary along its length The sediments
found in the flowing portion of the Creek are coarser than those found in the depositional
areas of the downstream Lake Hartwell The sediment sizes presumed to be transported
through the HSRS pipelines are from a location knows as "BS-3 " This location,
designated as bed sample 3, was taken downstream from the Liberty stream gage on
TMC (Parker and White, 1999) The grain size distribution at BS-3 is slightly finer that
those found in either the WSI or WSI I impoundments The impounded sediment
presently in the reservoirs represents the coarser portion of the inflowing sediment load;
finer material is flushed downstream Thus for long term stream stability, the grain size
distribution of the flowing portion of TMC is more representative than that found in the
impoundments The median sediment size of the BS-3 sample was 0.70 mm

Alternatives Analyzed

Six alternatives were analyzed for the two dams; two for WSI and four for WSII.
All alternatives are summarized in Table 1 The bypass alternatives assume the pipeline
entrance is located upstream from the dam at a point near where the reservoir begins
Thus, sediment would be intercepted before depositing in the reservoir, and would be
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passed downstream Bypass pipeline systems are longer than dredge systems A dredge
system collects sediments near the face of the dam after the sediments have been
deposited and moved slowly through the reservoir along the bed towards the dam. The
WS1I alternatives include two different outlet locations one located upstream from the
Lay bridge, and another located farther downstream past the bridge and past a sensitive
TMC reach characterized by a rocky bed and Whitewater rapids.

Assumptions for HSRS analyses

The assumptions and parameters used in the HSRS analysis are summarized in
Table 2 The analysis is based on the concepts and equations found in Hotchkjss and
Huang (1995), with two corrections The first correction changes the exponent
modifying the pipeline velocity (Equation 11) in the paper from the quantity l/(2(m-l) to
l/(2m-l) The second correction is to an exponent in Equation 12, which describes
sediment transport in the pipeline Instead of reading (l-2m)/(2m-l), the exponent should
read(l+2m)/(2m-l).

Table 1. Definition of Alternatives

Alternative

Woodside I Dam bypass (WSIB)

Woodside 1 Dam dredge (WS1D)

Woodside 11 Dam bypass to Lay bridge

(WSIIBB)

Woodside 11 Dam bypass past Lay bridge

downstream (WSIIBF)

Woodside 11 Dam dredge and pass to Lay

bridge downstream (WSI1DB)

Woodside 1 1 Dam dredge and pass past

Lay bridge (WS1IDF)

Available

head, ft

38.2

382

404

4205

404

4205

Pipeline length, feet

Upstream

1000

50

1000

1000

50

50

Downstream

800

800

1600

2700

1600

2700

Total

1800

850

2600

3700

1650

2750
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Table 2 Assumptions for HSRS Bypassing Systems

Parameter
Mean discharge, cubic feet per second

Stream slope of Twclvcmilc Creek
Pipe unit length
Pipe material
Roughness height, feet
Inlet loss coefficient

Outlet loss coefficient
Connection loss coefficient
Number of valves
Valve loss coefficient

Number of elbows
1 Elbow loss coefficient

Water temperature
Kinematic viscosity
Sediment specific gravity
d50, mm

Pipe + installation, $/ft (steel), 6" dia
Steel Pipe, 8" dia
Steel Pipe, 10" dia
Steel Pipe, 12" dia
Steel Pipe, 14" dia
Steel Pipe, 16" dia
Steel Pipe, 18" dia
Steel Pipe, 20" dia
Steel Pipe, 24" dia
Ductile iron, 30" dia
Ductile iron, 36" dia
Lost hydropower revenue, $/cfs/hr
Net head at Woodsidc II Dam
Net head at Woodside I Dam

Value
230

00015
40

Steel
0.00015

I

1
008

4
0 15

10
04

60
I 21E-05

265
07

$1590 + 51775
$2350 + 52000
$36 00+ $24 00
$47 50+ $27 50
$56 00+$37 00
$79 50 + $44 00

$142 00+ $53 00
$108 00+ $62 00
$128 00+ $74 50
$55 00 + $20 00
$43 50+ $30 00

$0058
38f t
3 7 f t

Comment
Computed from flow duration curve, personal
communication, 1999
Appendix F, 1993
Assumed length of each pipeline segment
PVC for upstream portion of dredging alternatives
Munson ct al 1998, T 8 I, p 492, used for PVC also
Conservative estimate based on Munson ct al 1998,
Figure 8 22, p 498
Assumes outlet is into a much larger stream
Huang, 1994
Conservative estimate
Fully open gate valve, Munson ct al 1998, Table 8 2, p
505
Estimate
Regular, 45 degrees, threaded, Munson el al 1998,
Table 8 2, p 505
Assumed
Munson et al 1998, Table 1 5, inside front cover
Assumed
Location BS-3, near Liberty gage, Parker and White,
1999
From Mike Parker, email communication
From Mike Parker, email communication
From Mike Parker, email communication
From Mike Parker, email communication
From Mike Parker, email communication
From Mike Parker, email communication
From Mike Parker, email communication
From Mike Parker, email communication
From Mike Parker, email communication
From Mike Parker, email communication
From Mike Parker, email communication
From Beth Hams, CHI Energy
From Beth Hams, CHI Energy
From Beth Hams, CHI Energy
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RESULTS AND DISCUSSION

Pipeline Size and Sediment Movement

The alternative designs for WSI and WSII are summarized in Table 3 and detailed
results are included in the Appendix The required pipeline diameters shown are the
smallest that pass at least 200 tons of sediment per day The pipeline discharge is that
flow that would bypass the dams and hydropower facilities; the percent of the mean
annual flow was used to estimate revenue losses The sediment concentrations in Table 2
assume that the only sediment in stream reaches downstream from the dams is from the
pipeline discharge. Concentrations are very similar to the background concentration of
120 ppm and should therefore not increase turbidity or cause deposition in the immediate
downstream reaches

These alternatives are capable of moving the annual incoming load past each dam
during an average year "Average" is based on the long-term gaging record at the
upstream Liberty gage Flows in any given year, and especially within a year, will vary
significantly from the mean flow of 230 cubic feet per second During periods of high
flow, more sediment will approach the HSRS inlets than be passed through the pipeline,
meaning that the HSRS are not 100% efficient. No attempts have been made to
characterize HSRS efficiency in this reconnaissance-level analysis.

HSRS dredging systems are shorter than HSRS bypassing systems because the
sediment is collected near the dam instead of near the entrance to the reservoir As a
result, the dredging pipeline diameters are smaller than the bypassing pipeline diameters
It should be noted that because of the short upstream dredging pipeline length (50 ft),
pipe cost was based on steel even though PVC was specified. The PVC will have to be
modified, raising its likely cost to be comparable to steel The PVC was also assumed to
have the same roughness as steel.

Costs

Lost hydro revenue. Revenue lost from hydropower development is cumulative
for the Woodside I and II projects Annual losses vary from a low of $3,500 for short
dredging systems at both dams to a high value of $11,200 for the longer bypassing
systems.

Pipeline matenal and installation. Price estimates available for this report were
for steel pipe up to 24 inches in diameter, cast iron pipe for sizes 24 inches and larger,
and HOPE pipe 36 inches in diameter. Cast iron pipe is much cheaper than steel, but
none of the alternatives analyzed required the larger cast iron pipe Costs reflect,
therefore, the relatively high price of steel pipe Costs vary from about $160,000 for
short dredging systems to about $865,000 for the longer bypassing systems
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LAYOUT OF HSRS SYSTEMS

HSRS may be deployed as either a bypass system or dredging system
Conceptual layouts for each type of system will be discussed and illustrated

HSRS Bypassing

A bypassing system requires sediment to be intercepted in the portion of the free-
flowing river upstream from the impoundment Once intercepted, the sediment is
transported via pipeline past the dam to the discharge point

Interception efficiency Only bedload will be intercepted; suspended load will
pass into the reservoir The limited measurements taken to date in TMC show that the
suspended load made up about 20% of the total load Maximum collection efficiency is
therefore limited to 80% of the total load The percentage of bedload intercepted depends
upon the performance of the collection system. For this preliminary level study, it is
assumed that 75% of the incoming bedload is intercepted The HSRS pipelines are
designed to carry at least 170 tons of bedload material per day, using the assumed
efficiency of 75%, about 130 tons per day will be intercepted and the remaining 40 tons
will pass into the reservoir. If the HSRS alternative is evaluated in detail, procedures in
Atkinson (1994) will be followed to refine the assumed interception efficiency

Collection system. The sediment collection system will consist of a 0 5-ft wide,
0 5-ft deep concrete trench installed across the streambed at a 45-degree angle in the
downstream direction of flow (See Figures 1 and 2) Sliding and saltating bedload will
deposit in the trench, and due to the trench angle with respect to the flow, the sediment
will be moved by a trail of vortices towards the pipe entrance Once within a foot or so
of the pipe entrance, local suction will be strong enough to draw sediment and water into
the pipeline The trench will require the construction of an upstream and downstream
apron extending at least five feet in the up- and downstream directions The aprons
should begin and end with cutoff walls extending at least three feet into the streambed to
protect against local erosion The first ten feet of HSRS pipeline should be contained
within a concrete vault with a metal plate covering with locked access. A pump tap
should be located in this vault section to allow a pump to be connected for backflushing
and maintenance purposes A simple sliding gate valve should be located downstream
from the tap to localize the backflushing zone.

Pipeline layout The HSRS pipeline should be installed above the right or left
bank of TMC, whichever is more convenient for construction access. The adverse slope
from the pipeline entrance to the downstream grade should be less than ten percent to
minimize pipeline clogging. Pipeline segments should be supported either by shallow
burial or upon concrete anchor blocks. Taps for attaching a pump for maintenance
should be installed every 100 feet along the pipeline The pipeline should enter the
reservoir near the dam and proceed downward to the upstream base towards the sluice
gate outlet
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Passage through the dam. The pipeline wil l pass through a special pipeline cradle
constructed and installed at the base of one of the low-level outlets A simple gate valve,
operable from the top of the dam, should be located on both the upstream and
downstream sides of the dam to allow flexibility during maintenance The top of the pipe
cradle may be fitted with a rubber gasket to provide a positive seal with the sliding gate
from above.

Pipeline outlet The pipeline will proceed downstream near the left bank (looking
downstream) to the outlet The outlet should be submerged under all flow conditions to
prevent air from entering the pipeline system and anchored in place to avoid floatation
problems

HSRS Dredging

An HSRS dredging installation will only remove sediments within 50 feet of the
dam The automated system will sweep back and forth across the forebay in a circular
arc whose center is the low level outlet at the dam The vacuuming action of the pipeline
inlets will maintain a sediment-free zone in the vicinity of the outlets. The dredging
system will remove all sediment in the forebay, including both suspended sediments and
bedload sediments that have deposited from upstream. The sediments will be delivered
to the forebay dredging zone either by settling from the water column (suspended load) or
by cascading down the bedload depositional delta upstream from the dam

Pipeline layout The PVC pipeline will be approximately 50 feet long and will be
attached to a flexible plastic pipe that is connected to the pipe leading through the low-
level outlet (Figure 3) The PVC pipe will contain 16 slots, each measuring one inch high
and four inches long, located on each side of the pipeline at an angle of 45 degrees
beneath the pipeline horizontal centerhne in an alternating fashion as shown in Figure 4
These slots represent the inlet ports through which deposited sediment will be collected
and transported The far end of the pipeline will be plugged and fitted with a collar to
allow towing cables to be attached. A similar collar will be located about halfway along
the pipeline (Figure 4) The purpose of the cable system is to pull the pipeline in a
circular arc back and forth across the bottom of the reservoir forebay The slots will
collect deposited sediment along the route

MAINTENANCE ISSUES

Clogged pipe entrances and pipelines represent the major maintenance issues for
HSRS installations The pipeline as it passes through the dam in either the bypassing or
dredging alternative can be easily backflushed using a pump located on the dam attached
to a flexible hose connected to the pipeline at a tap location. The dredging alternative
collection pipeline may also be easily backflushed using a similar pump system mounted
on the dam
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APPROXIMATE LIP OF_

DEPOSmONAL DELTA

DELTA FACE

LLLEY HOUSE

FIGURE 3 PLAN VIEW OF DREDGING SYSTEM

The bypassing system may become clogged at the entrance or along its length. A
pump tap is included near the entrance to backflush the first several feet where clogging
may be more common As recommended in the layout section of the report, taps will be
located along the bypass often enough to allow local backflushing Access to the pipeline
may be difficult - a path along the pipeline should be maintained for access purposes
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FIGURE ^A
DREDGING PIPE INLET CONFIGURATION

NLET

FIGURE UB
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Figure 4, Details of dredging inlets of intake pipe

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

HSRS is a feasible method for maintaining a sediment balance across both
Woodside I and II dams. Sediment concentrations in the pipeline will closely match
those in the existing TMC, thus avoiding increases in turbidity over background levels
upstream from the projects. The relatively low concentrations also will remain in
transport downstream and not alter the present riffle-pool nature of the reach below
Woodside II dam HSRS only 1 - 4% of the mean annual discharge to move 200 tons/day
past the dams, representing a commensurate loss of hydropower revenue. The simple
nature of the pipeline systems makes maintenance relatively simple and inexpensive.
The continuous operation of the HSRS will not interfere with hydropower production and
will not introduce pulses of sediment downstream that would result from periodic
sluicing The bypassing alternative requires no power source and will likely intercept
about 75% of the sediment load in TMC, dramatically decreasing the need for
maintenance dredging or flushing near the dam The dredging systems are very
inexpensive and would maintain a 50-foot radius sediment-free zone in front of the power
intakes.
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Recommendations

It is recommend that HSRS dredging systems for Woodside I and II dams be
investigated more thoroughly to determine economic feasibility. The low-level outlets at
each dam are scheduled for replacement; passing a pipeline through the lower portion of
the new outlets would accommodate HSRS dredging systems. The only remaining step is
to work out details for automatically and remotely operating the system to sweep the
forebay at a regular interval
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APPENDIX

Calculations and Spreadsheet Results
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APPENDIX C

Comparison of 1992 and 1999 Crossection Surveys
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Figure A2 Transect 1 comparison
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Figure A3 Transect J comparison
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Figure A4 Transect K. comparison
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APPENDIX D

Bed Sample Particle Size Distributions



BED SAMPLE DESIGNATION
LAKE HARTWELL LOWER 12 MILE CREEK

Note: HB samples collected by WES during site investigation
BS samples collected by RMT

Samples designations (left bank, center, right bank) defined for upstream
view

HB1 - Maw bridge bar sample (bar on left bank, just upstream of bridge) l"-8" depth

HB2 - Maw bridge bar sample (bar on left bank, just upstream of bridge) 8"-!' depth

HB3- Maw bridge bar sample (bar on left bank, just upstream of bridge) 2 0' depth

HB4 - 100 yards above Maw bridge in channel center

HB5 - 10 yard below lay bridge (T18) from bar off left bank

HB6 - Bar below just pipeline discharge 40 yards above Lay Bridge (T18)

HB7 - North bank T18 (Lay bridge, 0-2")

HB8 - Center T18 (Lay bridge, 0-2")

HB9 - Southbank Tl 8 (Lay bridge, 0-2")

BS1A - Left bank above USGS gauging station (Liberty bridge)

BS1 - Channel center above USGS gagging station (Liberty bridge)

BS2A - Left bank at USGS gauging station (Liberty bridge)

BS2 - Channel center at USGS gauging station (Liberty bridge)

BS2B - Right bank at USGS gauging station (Liberty bridge)

BS3A - Left bank below USGS gauging station (Liberty bridge)

BS3 - Channel center below USGS gauging station (Liberty bridge)

BS3B - Right bank below USGS gauging station (Liberty bridge)

BS4A - Left bank upstream of Easly water supply reservoir, confluence with Shoal creek



BS4 - Channel center, upstream of Easly water supply reservoir, confluence with Shoal
creek

BS4B - Right bank upstream of Easly water supply reservoir, confluence with Shoal
creek

BS5A - Left bank above Woodside 1 reservoir

BS5 - Channel center above Woodside 1 reservoir

BS5B - Right bank above Woodside 1 reservoir

BS6A - Left bank above Woodside 2 reservoir

BS6 - Channel center above Woodside 2 reservoir

BS6B - Right bank above Woodside 2 reservoir

BS8A - Left bank below lay bridge, at W12 transect

BS8- Channel center below lay bridge, at W12 transect

BS8B - Right bank below lay bridge, at W12 transect

BS9A - Left bank at transect W10

BS9 - Channel center at transect W10

BS9B - Right bank at transect W10

BS10A - Left bank at transect T15 (just above Maw Bridge)

BS10 - Channel center at transect T15 (just above Maw Bridge)

BS10B - Right bank at transect T15 Oust above Maw Bridge)

BS10AA - Left bank just below Maw bridge

BS10A - Channel center just below Maw bridge

BS1OAB - Right bank just below Maw bridge

BS11A - Left bank at transect W7

BS11- Channel center at transect W7



BS11B - Right bank at transect W7

BS12A - Left bank between transect P and T12

BS12B - Right bank between transect P and T12

BS 13 A - Left bank at transect N

BS 13 - Channel center at transect N

BS13B - Right bank at transect N

BS 14A - Left bank at transect M

BS 14 - Channel center at transect M

BS14B - Right bank at transect M
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^15
0.3283

DESCRIPTION

Project: LAKE HARTWELL STUDY
O Boring Ho.: BS-4A

Date: 9-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OP ENGINEERS - VICKSBURG DISTRICT

I>10
Ci.2716

uses
SP

Remarks

Cc
6.99

Sam #

1

cu
2.9

Depth

Pl».te Ho.



GRAIN SIZE DISTRIBUTION TEST REPORT

LLl
Occ.

100

0

200 100 10.0 1.0 0.1

GRAIN SIZE - mm

+3A X GRAVEL •/. SAND •/. FINES
O 0.0 5.6 94.2 0.2

LL PL NWC D85
O 2.54 1.22 0.99 0.644 0.4436 0.3648 0.94 3.3

MATERIAL DESCRIPTION uses Sam Depth

C-M SAND SP SP

Project: LAKE HARTWELL STUDY
O Boring No.: BS-4

Date: 09-21-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - VICKSBURG DISTRICT

Remarks:

Plate No.



GRAIN SIZE DISTRIBUTION TEST REPORT

100
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80-

70

oc
L±J 60

UJ
o
£
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5 2

50

40
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0

i:00 i . 0 1.
&RHIN SIZE

0. i .01
mm

.'J GRHVEL. '/. SHND
0.0 2.2 97.7

y. FINES
0. 1

.001

LL PL NWC Die
O 1.86 0.93 0.75 0.4S1 0.3524 0.3170 0.78 2.9

MATERIAL DESCRIPTION uses Sam # Depth
M-F SAND SP W/ TR/G SP 1

Remarks:
Project: LAKE HARTWELL STUDY
O Boring No.: BS4B

Date: 09-21-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OP EH&IHEER& - VICKSBURG DISTRICT Pl».te- Ho.



GRAIN SIZE DISTRIBUTION TEST REPORT

LU

u.

LU
O

ffiu_

100 £ I 2 1 1

100 10.0 1.0 0. 1
GRAIN SIZE - mrr,

.01 .001

GRAVEL •/. SAND '/. FINES
0 0.0 1.4 98.4 0.3

LL PL NWC ^60 0
o 1.91 1. 12 0.96 0.703 0.5194 0.4467 0.99 .5

MATERIAL DESCRIPTION uses Sam tt Depth

O F-M SAND SP W/TR-G SP

Project: LAKE HARTWELL STUDY

O Boring No.: ES-5A

Date: 9-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - UICKSBURG DISTRICT

Remarks:

Plate No.
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GRAIN SIZE DISTRIBUTION TEST REPORT
c

c c c V. c ® 5>

)0 100 10

y. +3"
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1

\
V.

S.

Nv̂ .
.0 1.0 0. 1

GRAIN SIZE - mm

y. GRAVEL
3.4

y. SAND
96.2

.01 .001

y. FINES
0.3

LL

0 F-M

PL Nwe DSS
2.43

MATERIAL

SAND SP W/TR-G

D60
1. 13

5̂0
0.85

3̂0
0.505

Dl5
0.2841

DESCRIPTION

Project: LAKE HARTWELL STUDY
O Boring Mo. : ES-5

Date: 09-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - VICKSBURG DISTRICT

D10
0.2469

uses
SP

Remarks

cc
0.91

Sam #
1

Cu
4.6

Depth

Plate No.



GRAIN SIZE DISTRIBUTION TEST REPORT

0

200 100 10.0 1.0 0.1

GRAIN SIZE - mm

'/. +3' GRAVEL X SAND •/. FINES
O 0.0 1.2 98.7 0. 1

LL PL NWC 3̂0
O 2. 13 1. 12 0.92 0.643 0.45̂ 2 0.3606 1.63 . 1

MATERIAL DESCRIPTION USCS Sam # Depth

O F-M SAND SP W/TR-G SP

Remarks:
Project: LAKE HARTWELL STUDY
O Boring No.: BS-5-B

Date: 09-21-99

BRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - VICKSBURG DISTRICT



GRAIN SIZE DISTRIBUTION TEST REPORT

LU
O

c c c x c

100

10

0

200 100 1.0 0. 1

GRAIN SIZE - mm '-
.01

'/. +3' 7. GRAVEL X SAND •/. FINES
O 0.0 0. 1 99.5 0.4

LL PL NWC 3̂0
O 1. 17 0.67 0.59 0.4S0 0.3904 0.2996 1. 15 2.2

MATERIAL DESCRIPTION USCS Sam Depth

F-M SAND SP SP

Remarks:

Project: LAKE HARTWELL STUDY
O Bor ing No. : BS-6H

GRAIN SIZE D I STR I BUT I ON TEST REPORT

CORPS OF ENGINEERS - UICKSBURG DISTRICT Plate No.



GRAIN SIZE DISTRIBUTION TEST REPORT

cc
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CJ
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Q_

100

9

200 100 10.0 1.0

GRAIN SIZE
0. 1 .001

'/. +3' '/. GRAVEL SAND '/. FINES
O 0.0 0.4 99.5 0. 1

LL PL NWC D85
O 1.28 0.69 6.60 0.506 0.4457 6.4207 0.89 1.6

MATERIAL DESCRIPTION uses Sam # Depth

F-M SAND SP W/TR-G SP

Project: LAKE HARTWELL STUDY
O Boring No.: ES-6

Date: 09-22-99

Remarks:

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF EHGIHEERS - WICKSEURG DISTRICT Pl^t-e Ho.



GRAIN SIZE DISTRIBUTION TEST REPORT

UJ
CJ

100

10

0

200 100 10.0 1.0 0.1

GRAIN SIZE - mm
.001

+3 '/. GRAVEL X SAND ''. FINES
o 0.0 0.0 99.6 0.4

LL PL NWC DIB
o 0.S9 0.59 0.54 0.445 0.3304 1.Q2 1.8

MATERIAL DESCRIPTION USCS Sam # Depth

O F-M SAND SP SP 1

Project: LAKE HARTWELL STUDY
0 Boring No.: BS-6B

Date: 09-22-99

Remarks:

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - VICKSBURG DISTRICT Plate No.
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GRAIN SIZE DISTRIBUTION TEST REPORT
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i>0 100 10.0 1.0

GRAIN SIZE -

* +3"

Vj^-j.

0.

mm
1 .01 .001

X GRAVEL '/. SAND i K FINES
O 0.8 0.0 > 11-. 4 •-••. .

1 1 ;

O

LL PL NWC 8̂5
0.71

MATERIAL

0 F-M SAND SP

D60
0.55

D50
0.52

D3W
0.459

DIS Die cc cu
0.4069 0.3771 1.02 1.5

DESCRIPTION

Project: LAKE HARTWELL STUDY
O Boring No.: ES-8A

Date: 09-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORP& OF ENGINEERS - WICKSBURG DISTRICT

USCS Sam tt Depth

SP 1

Remarks:

i
i

P !*.*<=. Mr-.. i



GRAIN ~™ PI SIR I BUT I OH TEST REPuh;
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GRAIN SIZE - mm
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'/. GRAVEL '/. SAND V. FINES
O 0.0 0.4 99.4 0.2

LL PL NWC Die
o 0.84 0.52 0.47 0. 383 0.3173 0.2904 0.97 1.8

MATERIAL DESCRIPTION LlSCS I Sam # Depth

F-M SAND SP SP 1

Project: LAKE HARTWELL STUDY
O Boring Ho.: ES 8

Date: 09-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - VICKSEURG DISTRICT

Remarks:

Plate No.



GRAIN SIZE DISTRIBUTION TEST REPORT

ui

0

ffi
Q_

100

90

80

70

60

50

40

30

20

10

0

s ?. »

200 100 10.0 1.0 0. 1

GRAIN SIZE - mm
.01

y. GRAVEL SAND FINES
o 0.0 4.4 95.3 0.4

LL PL 8̂5 6̂0 5̂0 3̂0
o 1.62 0.64 0.51 0.392 0.3412 0.3236 0.74 .0

MATERIAL DESCRIPTION uses Sam Depth

O F-M SAND SP W/TR-G SP

Remarks:
Project: LAKE HARTWELL STUDY
O Boring No.: BS-8E

Date: 09-22-99
GRAIN SIZE DISTRIBUTION TEST REPORT

Plate No.
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GRAIN SIZE DISTRIBUTION TEST REPORT
c

c c c
c c c ^ c ™ " " " " " o «
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GRAIN SIZE - mm
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0 F-M
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MATERIAL

SAND SP W/TR-G

1

1
1

.01 .001

X SAND
96.8 I

y. FINES
0.3

D&0
1.08

D50
0.90

I

0.618
Dl5

0.3741

DESCRIPTION

Project: LAKE HARTWELL STUDY
O Boring No.: BS-9A

Date: 09-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OP ENGINEERS - UICKSBURG DISTRICT

Die
0.3373

uses
SP

Remarks

cc
1.04

Sam #

1

C,j
3.2

Depth

Pla-t-^ Wo.



GRAIN SIZE DISTRIBUTION TEST REPORT
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O 0.0 1.4 98.4 0.2

LL PL NWC 6̂0 D30 Die
o 1.95 1.84 Q.83 0.463 0.2854 6.2573 3.80 4. 1

MATERIAL DESCRIPTION uses Sam # Depth

y F-M SAND SP W/TR-G SP

Remarks:
Project: LAKE HARTWELL STUDY
O Bor ing No. : BS-9

Date: 09-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - VICKSBURG DISTRICT Plate No.
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STRIBUTIQN TEST REPORT

o 1
a> o> tti a. «• S
= £ S 2 : £
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GRAIN SIZE - mm
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MATERIAL
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y. SAND
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y.

.01 .001

FINES
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6̂0
0.50

D-50
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3̂0
0.431

DESCRIPTION

Dl5
0.3815

Project: LAKE HARTWELL STUDY
O Boring No.: BS-^B

Date: 09-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - UICkSBURG DISTRICT

DIQ
0.3439
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1.08

Sam #
1

Co.
1.5

Depth

Remarks:

i_ . _..
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PL h<WC ^85

1.28

MATERIAL
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E&0
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Bse
0.519

^15

0.4023

I

DESCRIPTION

Project: LAKE HARTWELL STUDY

O Bor ing No. : BS-10A

Date: 09-21-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - 'v'ICKSBURG DISTRICT
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0.3308
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1.02

Sam #
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Depth

Plate No.
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USTRIEUTION TEST REPORT
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GRAIN SIZE - mm
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?i FINES
98.4 0.2

I>60
0.SS

&50
0.73

»30
6.505

DIS
0.3365

DESCRIPTION

Project: LAKE HARTWELL STUDY
0 Boring No.: ES-10

Date: 9-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - UICKSEURG DISTRICT

Die
0.2757
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Plate No.



GRAIN SIZE DISTRIBUTION TEST REPORT
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6RAIH SIZE - mm
.01

+3 GRAVEL SAND FINES
O 0.0 3.0 96.7 0.2

LL PL NWC D85 D30 Die
O 1.95 0.95 0.76 0.543 0.4441 0.4032 0.7 .4

MATERIAL DESCRIPTION uses Sam # Depth

O F-M SAND SP W/TR-G SP

Remarks:
Project: LAKE HARTWELL STUDY
O Boring No.: BS-16-E

Date: ©9-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - VICKSBUR6 D I STRICT Plate No.



GRAIN SIZE DISTRIBUTION TEST REPORT
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O 0.0 0.3 99.4 0.3

LL PL NWC D85 DIB
O 1.26 0.79 0.67 0.523 0.4330 0.3886 0.90 .0

MATERIAL DESCRIPTION uses Sam Depth

O F-M SAND SP SP

Project: LAKE HARTWELL STUDY
O Boring Ho.: BS-10A-A

Date: 09-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - VICKSBURG DISTRICT

Remarks:

Plate No.



GRAIN SIZE DISTRIBUTION TEST REPORT

290 100 10.0 1.0 0.1

GRAIN SIZE - mm
.001

'/. +3' GRAVEL •: SAND '/. FINES
O 0.0 0.6 99.0 0.4

LL PL NWC

o 1.24 0.63 0.55 0.445 6.3255 0.2676 1. 17 2.4

MATERIAL DESCRIPTION uses Sam # Depth

O F-M SAND SP SP 1

Project: LAKE HARTWELL STUDY
O Boring No.: ES-10-A

Date: 09-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - VICKSBURG DISTRICT

Remark:

Plate No.
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0.72

D30
0.510

Dl5
0.3217

Die
0.2150

DESCRIPTION USCS

Project: LAKE HARTWELL STUDY
O Boring No.: BS-10-AB

Date: 09-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORP& OP ENGINEERS- - VICKSBURG DISTRICT

SP

cc
1.40

Sam #

1

cu
4.6

Depth

Remarks:
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GRAIN SIZE DISTRIBUTION TEST REPORT
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DESCRIPTION

0 SILT SAND SM

Project: LAKE HARTWELL STUDY
O Boring No.: BS-ll-A

Date: 09-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - VICKSBURG DISTRICT
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cc

Sam #

1

cu

Depth

Plate- No.



GRAIN SIZE DISTRIBUTION TEST REPORT

0

209 100 10.0 1.0 0.1

GRAIN SIZE - mm
.001

'/. GRAVEL y. SAND '/. FINES
0.0 0.7 98.8 0.4

LL PL NWC D50 D30 'U.

1.55 G.S7 0.75 0.56S 0.448i 6.3̂ 49 6.93 J.2

MATERIAL DESCRIPTION uses Sam # Depth

F-M SAND SP SP

Project: LAKE HARTWELL STUDY
O Boring Ho.: ES-11

Date: 09-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - VICKSBUR6 DISTRICT

Remarks:

Plate No.
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NWC ESS
1.08

MATERIAL

SP

^60
0.76

»50
0.61

D30
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Dl5
0.2805

1

DESCRIPTION

Project: LAKE HARTWELL STUDY

O Boring No.: BS-11E

Date: 09-22-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - VICKSBURG DISTRICT
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Plate No.
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DESCRIPTION
0 SILTY SAND SM

Project: LAKE HARTWELL STUDY
O Boring No.: BS-12-A

Date: 09-21-99

GRAIN SIZE DISTRIBUTION TEST REPORT

CORPS OF ENGINEERS - VICKSBURG DISTRICT
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Plate No.
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GRAIN SIZE DISTRIBUTION TEST REPORT
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DESCRIPTION

0 SILTY SAND SM

Project: LAKE HARTWELL STUDY
O Boring No.: BS-12-B

Date: 09-21-99

GRAIN SIZE DISTRIBUTION TEST REPORT
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Appendix F .....

Twelvemile Creek/Hartwell Lake Sediment Transport Modeling (HEC-4S) Report

1.0 INTRODUCTION

In 1991, Bechtel Environmental, Inc. (Bechtel) conducted a field investigation study in the
Twelvemile Creek/Hartwell Lake area of South Carolina (Bechtel 1992) as part of the
remedial investigation/feasibility study for the PCB-contaminated Sangamo Superfund Site.
Results of the field study indicated that PCBs at above-background levels were detected in
most of the sampling locations in the lower reach of Twelvemile Creek. A water-quality
modeling study was therefore proposed to investigate the potential migration of PCBs and to
estimate future PCB distributions in the Twelvemile Creek/Hartwell Lake river system.

Published experimental results on the physico-chemical properties of PCBs indicate that
PCBs exhibit high affinity for the organic carbon fractions of fine-grained sediments. One
of the main transport mechanisms of PCBs in an aquatic system is therefore through -
transport of fine sediments. A sediment transport modeling study was deemed necessary to
examine the transient behavior (migration/deposition/scouring) of sediments in the river.

A one-dimensional, hydraulic/sediment transport model, HEC-6, was developed and
calibrated to simulate the sediment transport in Twelvemile Creek/Hartwell Lake for a
period of 30 years. The results of the HEC-6 model, including the channel hydraulics,
sediment fluxes, deposition and scouring rates of three sediment classes (sand, silt, and
clay), and suspended sediment contents along the river channel, were used subsequently as
input to the water-quality model for the prediction of PCB transport.

2.0 GENERAL DESCRIPTION OF THE RIVER SYSTEM

A field trip was made on April 28 and 29, 1992, to obtain a first-hand impression of the
river system. As shown in Figure 1, the river system includes Twelvemile Creek, Keowee
River, and Seneca Creek. In Twelvemile Creek, there are three overflow dams located
about 7 miles upstream from the confluence with Hartwell Lake. The first (most upstream)
dam is a water supply dam operated by the Easley Water District The other two dams
(Woodside I and II) are small hydropower dams owned by the Woodside Company. PCB
contamination originated in the 1960s in the upper reaches of Twelvemile Creek (Bechtel
1992). Most of the contaminants had been subsequently transported to the reach
downstream of the three overflow dams.

The Woodside Company indicates that sediments trapped in the small reservoirs are flushed
out regularly (i.e., monthly at the water supply dam, and twice annually at the two
hydropower dams). Therefore, from the hydraulic and sediment transport point of view, it
is reasonable to use the most downstream overflow dam (Woodside II) as the upstream
boundary of this river system simulation.

The river channel being modeled is the 10-mile stretch of Twelvemile Creek (7 miles) and
Hartwell Lake (3 miles) as shown in Figure 1. The upstream boundary of the study reach is
about 800 ft downstream of the Woodside II impoundment The downstream boundary is
located near the Hwy 37 Bridge crossing south of Treaty Oak Monument in Hartwell Lake.
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The reach has a mild slope that averages 0.15 percent. There are a few meanders along the
creek and a few places with abrupt changes in the channel cross sections. C

The watershed contributing to the flow of Twelvemile Creek at the upstream boundary
covers approximately 140 mi2. Several small tributaries discharge to Twelvemile Creek in
the study reach. There are also two major river branches, Seneca Creek and Keowee River,
flowing into the main channel in the Hartwell Lake reach. For modeling purposes, river
branches and tributaries are treated as inflow points for both flow and sediment supply. A
total of six inflow points were used to approximate the river system in the study channel.
The drainage basin associated with each of the inflows was delineated from a United States
Geological Survey (USGS) 30-minute topographic map (Greenville, South Carolina, 1991).
Figure 1 includes the locations of the six inflow points and the sizes of the corresponding
drainage basins. The drainage areas and sediment supply characteristics are summarized in
Table 1.

The model channel begins at the upstream boundary with discharges from Inflow 1. The
channel flow is increased with Inflow 2 in the mid-reach of Twelvemile Creek. Six Mile
Creek joins Keowee River before discharging into Hartwell Lake. In the model, Six Mile
Creek and Keowee River were simulated independently as Inflows 3 and 4, respectively,
because of the different sediment loading characteristics. Finally, Inflow 5 and Inflow 6
(Seneca Creek) add to the main flow at Hartwell Lake in the lower reach. Of all the
inflows, only Keowee River (Inflow 4) is assumed to be free of sediment because of the
upstream impoundment (Lake Keowee), which traps the sediment loadings. Section 4.4
discusses the inflow hydrographs developed on the basis of these drainage areas. ^

3.0 MATHEMATICAL MODEL

The HEC-6 computer model, "Scour and Deposition in Rivers and Reservoirs, Version 4.0,"
(COE 1991) developed by the U.S. Army Corps of Engineers (COE) Hydrologic
Engineering Center (HEC), was used to perform the sediment routing computations. HEC-6
is designed to simulate scour and deposition of sediment m rivers and reservoirs by
modeling the interactions among the water-sediment mixture, the sediment material forming
the stream bed, and the hydraulics of the flow. It is a one-dimensional, quasi-steady flow
model, based on the assumption of a uniform, lateral distribution of sediment load across the
channel cross section. A one-dimensional model is generally accepted to be adequate in the
simulation of flow and sediment transport in rivers, such as Twelvemile Creek, where the
transport in the transverse and vertical directions is small compared with the transport in the
longitudinal direction. In Hartwell Lake, however, where flow is multidimensional,
significant uncertainty likely is associated with the HEC-6 predictions.

The HEC-6 model can simulate the sediment transport for both the noncohesive and
cohesive (silt and clay) materials. There are 11 built-in sediment transport functions for
noncohesive materials in the HEC-6 model (COE 1991). Yang's streampower method,
which is valid for sediment sizes ranging from 0.13 to 7.01 mm, has been adopted to
perform the noncohesive sediment transport computations. Yang's method should yield
reasonable results for the sediments and hydraulic conditions of Twelvemile Creek
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Several bed sediment samples collected in Twelvemile Creek show that there are notable
amounts (over 50 percent) of fine materials (grain size of less than 0.062 mm) in the bed
sediment. Therefore, the cohesive transport option of HEC-6 was used to more accurately
model the transport of fine sediments (silt and clay).

4.0 DATA AND ASSUMPTIONS

4.1 Channel Geometry Data

Twenty-two cross sections were selected, as shown in Figure 1, to represent the 10-mile
study reach of Twelvemile Creek and Hartwell Lake. Table 2 lists the corresponding station
numbers (as used in the model) for the 22 sections and their relative distances from the
downstream boundary. Thirteen of the cross sections (identified with "*" in Table 2) were
developed partially based on field survey data obtained by Bechtel. Modifications and
extrapolations were used during the development of these cross-sectional data to fill in the
missing data and other anomalies. The remaining cross sections were estimated with the aid
of USGS 7.5-minute topographic maps (Clemson Quadrangle and Six Mile Quadrangle,
South Carolina, photorevised 1980).

Because of the nature of the survey data acquired (such as the lack of reference elevations
and measurements for stations near the upstream boundary), a number of assumptions were
made to develop the cross-sectional data used in the model.

The elevations of the channel sections were derived from the estimated water surface levels
of the transects at the time they were surveyed. These water surface levels were estimated
initially by assuming that the average operating lake level elevation of Hartwell Lake was
660 ft (the water surface elevation measured at the dam of Hartwell Lake was 660.02 ft
during the 1992 Bechtel field survey). The elevations of the sections near the upstream end
of the study reach were derived initially by extrapolation. They were later calibrated
according to the tailwater level of the Woodside II overflow dam and the historical
depositions recorded by COE at six stations along the Twelvemile Creek reach (COE 1992).
The calibration is further discussed in Section 5.0

The longitudinal channel profile (invert elevations versus distances along the river) as .used
in the final simulation is shown in Figure 2. Figure 3 depicts the profile of a typical channel
cross section (Station J). The solid segments shown in Figure 3 represent data interpreted
from the 1992 survey data or from the USGS topographic maps, whereas the shaded
segments are derived using interpolations and extrapolations.

4.2 Bed Material and Sediment Gradation Data

Bechtel collected bed sediment samples at 11 transects of Twelvemile Creek The median
grain sizes of the sediment samples vary from 0.0075 to 0.145 mm Over half of the
sediment samples have more than 50 percent of the grains in the silt and clay ranges (finer
than 0.062 mm). The cohesive sediment option of HEC-6 was therefore used to simulate
the transport of the fine materials.
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The sediment size distribution curves were used directly as the bed gradation data of the
model channel. For stations such as D, T6, and T12, where no sediment samples were
collected, interpolations based on the distributions of the adjacent transects were used. For
stations located outside of the survey area (upstream of P), bed gradation was assumed to be
the same as that of Station P.

4.3 Sediment Supply

HEC-6 requires that sediment supply at each of the inflow points be input. Sediment supply
is input as a rating curve in which sediment discharge is expected as a function of river flow
rate. Preliminary sediment loading estimates were derived from the sediment transport
capacity of the 3.6-mile channel reach nf Twp.lvp.milp. Creek, upstream of the three overflow
dams. It was assumed that the long-term sediment supply characteristics of this upstream
channel would be similar to that of the study reach. Yang's method was used to calculate
the transport capacities by fraction of the sediment classes (fine sand to fine gravel) for the
given hydraulic conditions of the channel. For finer materials (very fine sand to clay),
sediment supply was assumed to be the same as that of the fine sand class.

This sediment supply was modified during model calibrations to match the suspended
sediment concentrations measured in Twelvemile Creek (1992 Bechtel field survey) and to
match the channel profile based on the COE-measured cross-sectional data at six stations
along Twelvemile Creek in 1963 and 1973 Details of the calibration are discussed further
in Section 5 0. The sediment supply rating curve adopted in the study is shown in Table 3

4.4 Mean Daily Flow Generation

The HEC-6 model requires that time series of continuous flows at the boundaries of the
modeled system be input. The drainage area above the downstream boundary of the model
domain is in excess of 600 mi2. No long-term continuous flow records exist for the
watersheds contributing flows to the modeled system Therefore it was necessary to
generate representative long-term historical flow sequences for the period of the-intended
simulation

The procedures adopted for generating the flows for the modeling consisted of 1) extending
the historical monthly records of the available stream gauging stations in the project vicinity
using multiple regression, 2) distributing them into daily records, and 3) generating
representative flow sequences for tributary watersheds by scaling these extended records
with respective drainage-area ratios.

Mean daily flows of five nearby stream gauging stations were obtained from the USGS.
The pertinent station information is given in Table 4 The Twelvemile Creek Near Liberty
gauge station had continuous records from August 1954 to September 1964. Gauging began
at this station again in July 1989, and the station is still active. The Keowee River near
Newry station had records from December 1939 to June 1961, but is presently inactive
Figure 4 shows a plot of the annual flows at these stations for the period of record. The
annual flows, expressed as inches per square mile of drainage area, are also plotted as
shown in Figure 5. Annual flow series are closely correlated at the stations, as can be
observed in Figures 4 and 5.
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The continuous flow record for the station on the Reedy River near Ware Shoals is'the
longest, extending from April 1939 to September 1991; it formed the basis for extending and

{ filling in the missing periods of the records of the other stations. Various multiple-"
regression relationships were explored; flow generators were selected using the monthly
flows at these stations and at those that gave the highest coefficient of determination. Table
5 summarizes the regression equations which were developed using the monthly sums of the
mean daily flows of the respective stations with a concurrent period of record. The ,
extended monthly flows and their statistics are given in Tables 6 and 7 for Twelvemile
Creek and Keowee River, respectively.

The daily flow records for Twelvemile Creek and Keowee River for the periods when
monthly flows were generated were obtained by scaling the daily flows of Reedy River with
the respective monthly flow ratios. The mean daily flows for the six watersheds (Figure 2)
of the modeling domain were then derived by scaling the extended flows of Keowee River
and Twelvemile Creek gauges with the respective drainage-area ratios.

For assessment of long-term sediment transport, a representative 30-year flow period (1961-
1991) was selected. Within this 30-year period, flows occurred in the first 4 years and the
last 2 years, while relatively low flows occurred in the middle 24 years.

The flow hydrographs used in the model runs were approximated from the daily flows in
order to reduce the total number of run steps in the simulations During low-flow periods,
the original daily hydrographs were simplified using constant flow rates (which were
averages of the daily values) for the entire low-flow period. Figure 6 shows the 30-year
hydrograph generated for 1961 to 1991 for upper Twelvemile Creek

4.5 Downstream Boundary Conditions

The downstream boundary conditions for the HEC-6 modeling were derived from the
recorded operating levels of Hartwell Reservoir Daily reservoir levels from 1962 to 1992
and the corresponding lake inflow and outflow data were available A detailed analysis of
this data indicated that operation varies from one year to another. A constant rating curve
for the downstream boundary water surface elevations was therefore determined
approximately for the stages ranging from 646.0 to 663.5 ft (roughly the lower and upper
limits of the operating levels of Hartwell Lake from 1962 to 1992). The rating curve is
shown in Table 8.

5.0 HYDRAULIC AND SEDIMENT CALIBRATION

The HEC-6 model was calibrated for flow and sediment transport using site-specific
measurements of the hydraulic and sediment parameters As shown in Figure 2, the
headwaters of Hartwell Lake fluctuate between Stations Q and T17; sediment deposition and
scouring are expected to occur in this sub-reach. The sedimentation in this sub-reach is also
sensitive to the sediment supply from its upstream watershed. Therefore, the mam
calibration parameters were the sediment supply and the channel profile near the upstream
boundary (T15 to T19). Several iterations were made to calibrate the model. The following
sections discuss the data used and the calibration
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5.1 Available Data for Model Calibration '(

Data for model calibration include the suspended sediment samples collected by Bechtel
during the April - May 1992 sampling and the data collected by COE previously.

During the field survey of 1992, Bechtel collected water column samples at five stations
along Twelvemile Creek: the Hwy 37 Bridge (near Tl), Hwy 93 Bridge near (B), Hwy 133
Bridge (near J), Madden Bridge (near O), and Maw Bridge (near T15). Analysis of the
samples indicates that the total suspended solid concentrations (assumed to consist of
sediment only) vary from 5.6 mg/L in the most downstream station (near Tl) to 46 mg/L in
the most upstream station (near T15). Although the flow rates in the creek were not
measured at the time of the survey, flow was estimated to range from 200 to 500 cfs in
Twelvemile Creek. This data set is primarily used to calibrate the sediment supply,
especially of the fine materials.

COE conducted two hydrographic surveys, one in 1963 and the other in 1973, on six
sections of Twelvemile Creek and Hartwell Lake to investigate sedimentation rates
(Reference 3). COE concluded that at the upstream locations near T16, the average
deposition rate was about 3 ft over the 10-year period of 1963 - 1973. There was very little-
change in the bed profile (insignificant deposition or scouring) for the stations in the mid-
reach and the lower reach (i.e., downstream of T12) The hydraulic and sediment
conditions in Twelvemile Creek were changed in the 1980s with the rehabilitations of the
Woodside I and II overflow dams and sediment sluicing from the power pools Nevertheless,
it was assumed that the long-term sediment supply and hydraulic characteristics remained
unchanged because the sediment storage capacities of these reservoirs are relatively small (
and would therefore have negligible effect on the sediment regime.

5 2 Hydraulic and Sediment Calibrations

A 10-year simulation (1963 - 1973) was performed using an initial channel profile derived
from the COE bathymetnc survey data of 1963 and estimates of sediment supply and the
flow hydrographs for this period. The predicted depositions at the end of the simulation
were then compared with the increases in channel bottom elevations measured by COE from
1963 to 1973. The sediment supply contents in each sediment class were then systematically
reduced until the predicted depositions were in the same order of magnitude as the measured
values (approximately 3 ft). Figure 7 shows the simulated 1973 channel bottom profile with
the COE 1963 and 1973 data.

The predicted suspended sediment concentrations in the channel varied from about 10 mg/L
in the Hartwell Lake area (Tl) to 100 mg/L in the mid-reach of Twelvemile Creek (O) at
low flow conditions. These values are slightly higher than the observed suspended sediment
concentrations, which range from 5.6 mg/L to 46 mg/L

Next, a calibration run was performed for the 1963 - 1991 period to predict the bottom
profile for 1991, using the revised sediment supply rating curve The predicted profile for
1991 showed scouring at the upstream boundary Subsequently, the channel profile (derived
from the 1992 survey data) was adjusted, especially the bed slope and elevations in the ,
upper reach, until the predicted scouring at the upstream boundary area was minimized, in <
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conformance with the field observations that the selected upstream boundary is presently a
stabilized section The bed profile thus calibrated (as shown in Figure 3) was then used as
the initial channel condition in the final HEC-6 runs.

6.0 SEDIMENT ROUTING AND RESULTS

The calibrated HEC-6 model was used to simulate the sediment transport in Twelvemile
Creek/Hartwell Lake in the next 30 years assuming that the historic hydrologic flow regime
will be repeated and the sediment supply to the system will remain the same. In summary,
the final simulation run included the following features:

• A calibrated channel profile, representing the initial (1992) channel conditions
• A calibrated sediment supply, at the six inflow points
• An approximate rating curve for the operating levels of Hartwell Lake (646.0 to 663.5

ft), to present the downstream boundary conditions
• The inflow hydrographs from 1961 to 1990 to forecast the sediment movement for the

next 30 years
• Yang's equation as the transport function for noncohesive materials, and the transport

option for cohesive materials in HEC-6

The final sediment routing results are presented in Figure 9 and discussed below.

10-Year Simulation

As shown in Figure 8, after 10 years into the simulation, scouring of approximately 1 to 2 ft
was predicted in the two most upstream sections (T18 and T19). Depositions from 2 to 7 ft
were estimated in the reach between Stations 0 and T15, whereas the downstream stretch
(downstream of Station M) showed little change. This deposition pattern can be explained
by the backwater effect of Hartwell Reservoir Backwater effect is defined as the increase in
the flow depth of a river reach caused by a downstream control structure such as a spillway.
The location where the backwater effect diminishes is referred to as the extent of the
headwater of the control structure. It is usually characterized by more substantial reduction
in the channel flow velocity. Deposition is anticipated both upstream of the headwater and
near the headwater where flow velocity is effectively reduced Scour is more likely to
develop upstream of the headwater

As discussed in Section 4.5, the operating levels of Hartwell Lake fluctuate between
elevation 646.0 to 663.5 ft in the model. Sediment redistribution is expected to occur in the
upper reach where the invert elevations are above 646 ft, although some deposition may
extend to a reach slightly downstream. Model results showed that sediments coarser than
clay were deposited upstream of Station M (invert elevation of 640 1 ft). Deposition of clay
occurred mainly in the lower reach of Twelvemile Creek (from T6 to L). Only a moderate
amount (approximately 50 percent of the supply) of clay was carried farther downstream
through the model boundary (Tl) of the channel
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20-Year Simulation

Scouring of about 1 to 2 ft was predicted in the two most upstream sections at the end of
20 years in the simulation. Deposition was predicted in the reach from Station N to Station
T15, with the maximum deposition depth increasing to approximately 11 ft Similar to the
10-year results, the downstream bottom profile (downstream of Station M) showed little
change.

30-Year Simulation

At the end of the 30-year simulation, scour depths of about 2 ft were predicted in the
upstream sections. This further confirmed that the upstream boundary was relatively stable
and the calibrated sediment supply was reasonable for this river system.

Maximum deposition depths of about 13 ft were estimated in the mid-reach near the Station
N area. The invert elevation of Station N was relatively close to the lower end of the
reservoir operating levels, suggesting that the flow velocity of the reach downstream of
Station N was low. Therefore, The lower reach downstream of Station M again had only
small deposition depths.

In general, the model predicted that most of the sediments were accumulated within the mid-
reach of Twelvemile Creek near the headwater elevations (varying from 646.0 to 663.5 ft).
Deposition of small quantities of the finer sediments was predicted in the lower reach of
Twelvemile Creek (T6 to L). The predicted deposition depths increased with time, and the
slope of the deposition delta also became steeper with time.

Time histories of the predicted channel bottom elevations at an upper-reach station (T18), a
mid-reach station (T12) and a lower-reach station (M) of Twelvemile Creek are plotted in
Figure 9. The predicted bottom elevation at Station T18 showed a gradual degradation of 1
ft in the first 4 years of the simulation. The bed elevation then retained a relatively constant
value until the last 2 years of simulation when it dropped another 1 ft. The degradation
pattern at this location illustrated two features: (1) the estimated scour depths were directly
related to the inflow rates shown in Figure 6, and 2) the insignificant degradation over the
30-year period suggests that the selected upstream boundary was relatively stable as
indicated by the field observations.

At Station T12 (in the mid-reach), the estimated bottom elevations were characterized by
sediment depositions as shown in Figure 9. Approximately 10 ft of deposition was built up
during the first 15 years of the simulation In the next 15 years, sediment deposition was
relatively minor, with the channel bottom attaining a more or less equilibrium elevation.
The deposition pattern at this station demonstrated the following hydraulics and sediment
transport characteristics: 1) because the upper reach was relatively stable, a majority of the
deposited materials would have to have originated from the sediment loadings carried from
the upstream watersheds, 2) the deposition rate m this location was not solely dependent on
the inflow rates as in Station T18, 3) deposition apparently began in the upstream end of the
deposition delta, (T15) and eventually advanced downstream towards Station M
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As shown in Figure 9, only minor deposition was predicted for Station M"(shortly
downstream of the lower end of the headwater). Sediments accumulated at a much slower
rate compared with that of T12. The sudden increase in sediment deposition in the last 2
years of the simulation was caused by the higher inflow rates (Figure 7), which produced
more scouring in the upper reach. The bottom elevation at Station M was expected to
continue to rise beyond the 30-year simulation period, and the sedimentation delta was
expected to extend farther downstream with time.

7.0 GENERATION OF INPUT DATA FOR WASP 4

The water quality model WASP4, used to simulate the fate and transport of PCBs in the
Twelvemile Creek and Hartwell Lake system, requires as inputs hydrodynamic data, and
solids concentration and flux data. A Bechtel in-house computer program was developed to
post-process the HEC-6 model output to obtain the data relevant to the WASP4 model. The
following summarizes the data deduced from the HEC-6 results for each sub-reach at each
time step:

Geometric Data

• Distance (of the sub-reach) between centroids
• Cross-sectional area of the upstream section
• Depth of water at the upstream section
• Area of water surface
• Average bottom area of the sub-reach

Hydrodynamic Data

• Flow Rate
• Flow velocity at the upstream section

Solids Data

• Fluxes of sand, silt, and clay at the upstream section
• Deposition/scouring rates for sand, silt, and clay
• Concentrations of suspended sand, silt, and clay

In addition, a rating curve for the sediment supply at the various inflow points (with the
exception of Keowee River, which was assumed to be free of sediment) was provided

8.0 CONCLUSIONS AND RECOMMENDATIONS

• Results of the sediment routing indicate that the sediment load to the Twelvemile
Creek/Hartwell Lake system will eventually be deposited in the mid-reach of
Twelvemile Creek (Stations M to T15) over the next 30 years In the lower reach
from Station T6 to Station L, there will be small amounts of deposition of the
finer sediments. About 50 percent of the total clay supply from the watersheds
will be transported through this system and pass the downstream boundary (Tl) of
the model The depositional pattern is primarily governed by the backwater effect
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of the reservoir, which operates at water levels varying from elevation 646.0 ft for
low flows to 663.5 ft for high flows. "' "

The predicted sediment transport in Twelvemile Creek/Hartwell Lake was'
indirectly confirmed by the 1991 PCS field data (Bechtel 1992) The data
indicated low PCB concentrations (about 1 ppm) in the upper reach of Twelvemile
Creek; moderate concentrations (about 4 ppm) in the mid-reach shortly
downstream of Station T15 and in the lower reach area around Stations T6 and H;
and high PCB levels (about 8 ppm) at the downstream end of the mid-reach near
Station M. Assuming PCBs are associated with the fine-grained sediment, these
observed variations of PCB concentrations along the river channel agreed well
with the model prediction of the deposition pattern.

The predictive capabilities of the model can be further enhanced with additional
field data including essential bathymetry data and surveyed reference elevations of
the selected sections. Supplementary sections should be introduced at areas with
complicated geometry to better define the model channel. Additional suspended
sediment concentration measurements with associated flow data would be useful in
refining the model calibration.

The hydraulics of the channel reaches are very important in determining the
sediment transport behavior. Because the downstream boundary conditions have
significant impact on upstream hydraulics, a more realistic boundary condition
(i.e., variable reservoir levels) should be used to improve the prediction of
sediment movements in the river.

The hydrodynamic regime in the Hartwell Lake area (downstream of Station T6)
is apt to be multidimensional Should future work focus on sediment and PCB
modeling within Hartwell Lake, it is recommended that a two-dimensional
sediment transport model be used for predicting the deposittonal patterns in the
lake area
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.Table 1. Drainage Areas of Inflow Points" "'

Inflow .
(Section)1

Inflow 1:
Stationb54.1 (T19)

Inflow 2:
Station 37.9 (P)

Inflow 3:
Station 22 1 (H)

Inflow 4 (Keowee River):
Station 17.4 (D) -

Inflow 5:
Station 15.0 (C)

Inflow 6_(Seneca Cr_eek):
Station 4.0 (A)

Drainage Area
(mi2)

139.8

- 14.2

21.8

455.0

8.0

10.7

Sediment Supply

""."yes "'

yes

yes

no

yes

yes

"Sections are shown in Figure 1.
bStation numbers are discussed in Section 4.1 and in Table 2.
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Table 2. Model Station Numbers and Distances from Downstream Boundary

Section*

Tlb -

Ab

Bb

Cb

D

T6

Hb

Ib

Jb

Kb

L"

Mb

Nb

Ob

T12

P" •

Q
T15

T16

T17

T18

T19

Model Station
Number

0.0

4.0

12.0

15.0

17.4

18.6

22.1

24.4

26.4

27.4

29.4

30.1

323

34.9

370

37.9

38 9

42.7

45.1

49.1

52.1

54.1

Distance From Downstream
Boundary (ft)

0

4,000"

12,000

15,000

17,400

18,600

22,100

24,400

26,400

27,400

29,400

30,100

32,300

34,900

37,000

37,900

38,900

42,700

45,100

49,100

52,100

54,100

'Sections are shown in Figure 1
bSurvey data available
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Table 3. Sediment Supply Rating Curve

Inflow Rate
(cfs)

10

100

200

500

750

1,000

2,500

5,000

7,500

Sediment Load
(tons/day)

1 , .

45 - -,

-123 • :

411

691

991

2,968

7,878

12,778
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IF-

Table 5. Multiple Regression Equations

Equation

Saluda =

Keowee

Twelvemile

202.07 + 1.25'Reedy

= 273.62+0.529*Reedy -
+ 1.616mSaluda

= 9.11+0.099'Reedy
+0.091mSaluda
•l-O.OSlS'Keowee

R1

0.71

0.91

0.77

•R' = coefficient of determination.
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Table 8. Rating Curve for Downstream Boundary Conditions .

Downstream Water Surface
Elevations (ft)
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0

o
£
CO
CO
en

!s
*^'c

LLJ
O
u
C/5

ro

O
U
C/5

CO
en



C
.0
"•̂
ft
3
E
w
>_
(0
o

V)
_a
»^
o
Q.

"53
c
C
a

•o
0)
^«
u
'•5

00
0
!•

3
O)

o

0)
£
L_ro
x
o
CO

_g'£*u

re
<D

6
CN

c
.o

re
ID

_o>
^
o



tn
o
c
tn
c
CD
£

•a
»*o
_£
O
(A
4-1

CD

k_
O

.£
IE
c
•̂
"co
o
Q.
05
Q

ejj
o
3

.?
LL

<
rc

1
/

/

D u
-• C!
D C

1

•

'

;
1
i ;
i
i
I
i

V

\

\
\
'\
\
\
\
\

\
I
\
\
\
\
\
\
\
\
\
11
1
1
11

1
1

1 II 1

D o in o in c
D CD in in ••a- '
3 CD CD CD CD C

o
in

0

in
CN

O)

O
O
n

^

in
r^

in

o
in

• CD
c*J

.
in
CN

- oo
_̂"

•

.

D

O

0
r

4

,

t-

f
V

1-
'

—Es
(C h

«

r

pag


